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PREFACE

To THE SecoND EDITION

EPEATED requests have been made from many parts of the world, and not least from
this country, for a sccond edition of this book. A portion of the first edition suffered
the same fate as many other books—it was lost in the “blitz” on London on 29th
December, 1940.

The opportunity to publish a second edition did not occur till 1944, and as requests were
essentially for a second edition, and not a new book, 1t has been decided that the “‘expressed wish’’
should be met.

Obviously, after six years, five of these constituting World War No. 2, fertilisers have assumed
an importance second only to indigenously-produced food 1itself. Experiments have been made in
intensive cultivation, and in an effort to produce prodigious quantities of food, first for human,
and later for animal consumption. These experiments and efforts have met with a large measure
of success. The fertiliser industry has not been lacking in enterprise. It has standardised com-
pound fertilisers, thus simplifying production, and it has manufactured large quantities of granular
fertilisers, and in some parts of the country it has continued to manufacture uninterruptedly,
despite aerial and other such attacks. This contribution to the war eftort certainly merits
recognition.

Only one new chapter appears in the second edition. This is Chapter I, which attempts to
outline in some detail the ramifications of the fertiliser industry, and indicates the changes which
are likely to take place in the manufacture of fertilisers in the next few years. Therc are growing
evidences that water-solubility has outlived its usefulness, and that new types of fertiliser are
becoming a necessity.

In the other chapters of the book much of the original matter has been preserved, although an
endeavour has been made to bring the information up to date. A portion of Chapter XVII, on
“Crystallisation and Granulation of Fertiliser Products,” has been rewrntten, and it now contains
the latest information on a branch of the manufacture of fertilisers which is engaging increasing
interest at the present time. The application of granular fertilisers to the soil undoubtedly gives
larger yields of crops than compound fertilisers, and for this reason the demand for them will
increase.

June 1946 P. PARRisI.
A. OGILVIE.



FIRST FOREWORD

BOUT a year ago I was asked by a director of a company with interests in fertihser
factories to recommend a book on the manufacture of fertilisers. I replied by sending
him a copy of Artificial Fertilisers by Parrish and Ogilvic, but I was obliged to write my
friend a note telling him that owing to important developments in the industry during
the last few years, although this book was regarded as the standard work on the

manufacture of superphosphate and compound fertilisers in this country, it was slightly out of date.
It was with the greatest pleasure, therefore, that a few months later I received a letter from one
of the Authors stating that a new edition of the book was to be published and asking me to write
a Foreword to it.

Thirty years ago there was little machinery used in a superphosphate works, and such machines
as were in use were of a somewhat primitive nature. In a modern superphosphate and compound
fertiliser works to-day manual labour has almost entirely disappeared, and the condition of the
finished products is vastly improved. The possibility of making use of machinery to a much
greater extent has been brought about chiefly by improvements in the methods of mixing and
treating superphosphate, which have so altered the structure of the material that it no longer
pastes and clogs the machinery with which it comes in contact.

The Authors of Calcium Superphosphate and Compound Fertilisers have been at great pains
to collect and collate details of all the recent developments in the technique of the industry
throughout the world, and they are to be congratulated on the thoroughness of their rescarches,
which will certainly be of great service to many manufacturers.

Naturally some of the information in a work of this kind must be obtained second-hand, and
I imagine that some of those readers who have specialised knowledge of the trade will not agree
with everything the Authors have written, but I can find no subject or method of importance to
the industry which is not dealt with in this book, and I wish it every success.

In their “General Survey of the TFertiliser Position” in this country the Authors ask the
question whether the development of the industry has not been restricted by the too rigid adherence
of manufacturers to the water solubility test. This question presents a wide field for discussion.
I should be sorry to sce any departure from the present attitude of the trade. I remember the
harm done to the basic slag trade, and the confusion caused in the mind of the farmer, when the
citric solubility test, which, although only a relative test, was at least some criterion to the value
of a slag to plant life, was dispensed with. It is to be hoped that water solubility as a test of the
value of superphosphate will never be departed from in this country until it is proved that water
soluble phosphate is not the quickest acting form of phosphate plant food.

Ipswich. WALTER G. T. PACKARD.



SECOND FOREWORD

Y association with the calcium superphosphate industry covers a period of over fifty
years. Its development has been watched by me with keen and active interest, and
the various phases through which it has passed constitute indelible landmarks in my
memory.
What is abundantly clear to-day is that a rural England is a definite necessity.
The unfortunate migration of the populace to large cities does not appear to have been arrested,
despite the warnings that have been issued from time to time. Whatever may be said about the
standard of culture of the British race, it can hardly be regarded as one imparting a love of country.
That a love of country, as distinct from the town, must be fostered, and with it the development
of the land and agriculture, is an indispensable preliminary to the establishment of a sound nation,
its economy, and security.

The book on the subject of Calcium Superphosphate and Compound Fertilisers : their Chemistry
and Manujacture, by Messrs. Parrish and Ogilvie, has been read by me with keen interest, and it is
gratifying to note that it treats of many current problems in an interesting and attractive way.
The information about continuous, autoclavic and intermittent processes of superphosphate
manufacture is well presented, and many novel aspects are developed.

Opinion as to the best form and analysis of N.P.K. fertilisers for specific purposes, and for
application to different qualities of soil, must be divided. That a definite advance in the application
of fertilisers has been made, as a result of the progress of science and the data collated in continued
field trials, cannot be doubted.

The book of Messrs. Parrish and Ogilvie is particularly attractive, because it deals in detail
with the economic handling, by various methods, of phosphate rock and calcium superphosphate,
as indecd with the preparation of compound fertilisers. Both these aspects are peculiarly important,
as affecting the economy of a fertiliser works.

The chapter on “The Structure of the British Superphosphate Industry, and the Design and
Management of a Superphosphate Works’ is a comprehensive one, and deals with many phases.
Those relating to costs of manufacture of sulphuric acid and calcinm superphosphate, and the
factors affecting such costs, must be welcomed by fertiliser manufacturers and their staff generally.

Finally what is impressive is the fact that the book is happily conceived, well presented and
illustrated, and withal is readable. It can confidently be recommended to the industry as one
that can with advantage be consulted on many significant aspects, and will indeed repay careful
study.

King’s Lynn. H. C. BROWN,

xi






CHAPTER I

THE FERTILISER INDUSTRY, WITH PARTICULAR REFERENCE TO THE POSITION OF THE MANUFACTURE
OF CALCIUM SUPERPHOSPHATE AND COMPOUND FERTILISERS

H E British fertiliser industry has many ramifications, and these are represented in Fig. 1.

From this diagram it is seen that the British fertiliser industry is not alone concerned with

the manufacture and distribution of inorganic chemical products designed to improve

the fertility of the land, such as nitrogen, phosphoric acid and potash, but it provides

by-products such as basic slag and in addition calcium carbonate, and in some cases lime,
which are used largely as correctives for soil acidity.

LIME & CARBONATE C
NITROGENOUS (ONCENTRATED
OF LIME GYPSUM
& SALT, erc FERTILISERS FERTILISERS
BY-PRODUCT
& SYNTHETIC
ORGANIC FERTILISER
FERTILISERS
INDUSTRY
FUNGICIDES CALCIUM
INSECTICIDES. SUPERPHOSPHATE,
ORGANO-MERCURY | BASIC SLAG,
(OMPOUNDS FOR POTASH GRANULATED NPK.
SEED'DRESS'"&& mg(nsus- FERTILISERS

Fig. 1.—RAMIFICATIONS OF THE FERTILISER INDUSTRY

It also furnishes organic fertilisers such as bone superphosphate, dried blood, bone meal, Peruvian
and fish guano, and other such products, that are calculated to improve the soil tilth, as well as supply
suitable nutrients for the soil. Turther, it provides fungicides, etc., the value of which before the
war was estimated at £6,500,000 per year.

The synthetic ammonia industry of this country appears to be more broadly based than the
calcium superphosphate section. Ammonia is derived by synthesis, using either the modified Haber
or Mont Cenis or other processes. Such ammonia can be converted to nitric acid and ammonia
absorbed by the latter acid, to form ammonium nitrate, which, mixed in about equal proportions
with calcium carbonate (the source of which will be explained later), yields nitro-chalk.

Synthetic ammonia can also be converted to sulphate of ammonia by reaction with carbon
dioxide in suitable vessels containing finely-ground anhydrite (CaSO,.3H,0) in suspension. In this
way a solution of ammonium sulphate of about 25-30 per cent is produced, which is evaporated,
crystallised out and dried to yield ammonium sulphate crystals and calcium carbonate arising at the
rotary filter presses is yielded as a by-product. This is dried and used in various ways, one of which
is as a component of nitro-chalk.

Anhydrite can be treated with clay and silica to form cement by the dry process, and the
resulting SO, can be converted to sulphuric acid by the contact process. The strong sulphuric acid
in question can, by the Dorr strong acid process (see page 160), react on phosphate rock to produce
phosphoric acid. This phosphoric acid can be neutralised with gaseous synthetic ammonia or liquor
ammonia, and ammonium phosphates—monoammonium phosphate or diammonium phosphate—
can be produced. '

1



2 CALCIUM SUPERPHOSPHATE AND COMPOUND FERTILISERS

This expresses succinctly the salient features of the synthetic ammonia industry of this country.
A more detailed indication of what is possible will be given later.

As regards potash salts, of which 75,000 tons as K,O was used in the period 1st July, 1938, to
30th June, 1939 : unfortunately, this country is not too well placed. English capitalists are interested
in Palestine Potash, Ltd., which has supplied more than fifty per cent of this country’s requirements
of muriate of potash during the war years, 1940-45. Other supplies have been derived from America,
Russia and Spain. Following the European peace, doubtless the importation of relatively large
quantities of potash in the form of muriate of potash (30 per cent K,0) and sulphate of potash (48 per
cent K,0) from France and Belgium, where works exist for the conversion of muriate of potash to

sulphate of potash, will be resumed.

Phosphatic (P,0;), Nitrogenous (N;) and Potassic (K,0) Fertilisers

Trade in these fertilisers cannot any longer be regarded as the prerogative of the calcium super-
phosphate industry. There are now two sources of supply. The older source of supply is the calcium
superphosphate manufacturers, who have from their inception produced superphosphate and gradually
developed the preparation of compound fertilisers for specific soils, and for specific crops. They
have improved the manufacture of their products and are now concerned not only to ensure the
supply and distribution of the most suitable fertilisers, from the point of view of their chemical
composition, but are anxious to meet the requirements of the farmers and horticulturalists as regards
physical characteristics and efficiency of application.

The other supplier is the manufacturer of synthetic ammonia, who not only produces sulphate
of ammonia, but prepares complete chemical fertilisers in various forms at the synthetic ammonia
factory, where ammonia and phosphoric acid (cheaply produced) can be combined as monoammonium
phosphate or diammonium phosphate, and where potash can be incorporated in various forms as

represented in the table below :—

TaBLE 1

Synthetic Fertiliser Products and Mixtures Containing Nitrogen

Fertiliser.

Plant Food Constituents. |

Compounds. Mixtures.

Ammonium nitrate. Nitro-chalk.
Calcium nitrate.
Sodium nitrate.
Urea.

Ammonium sulphate.

Nitrogen

!

Nitrogen and phos-
phoric acid.

Monoammonium phosphate.

Diammonium phosphate.
Urea phosphate.

Ammophos.
Phosphazote.
Ammoniated superphosphate.

Nitrogen and potash Potassium nitrate. Potazote.
Kaliammonsalpeter.
Nitrogen, phosphoric —_— Nitrophoska.
acid and potash. Ammophoska.

Miscellaneous mixtures.
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From the above table it will be seen that the chief synthetic nitrogenous fertilisers come under
two headings, namely compounds or mixtures. The products of the first class are chemical compounds
and contain nitrogen as the only plant nutrient, or nitrogen in combination with either potash or
phosphoric acid. Those of the second class consist of mixtures of products of the first class, or of
mixtures of these with other materials, which may or may not contain potash and phosphoric acid.

It is clear that a large number of fertiliser mixtures can be prepared in the above manner. It is
not proposed to make more than a brief reference to these various products.

Ammonium Nitrate—This is prepared by the conversion of synthetic ammonia to nitric acid,
and the distillation of ammonia from liquor ammonia into the nitric acid so manufactured, or by
direct neutralisation of liquor ammonia and nitric acid. Such neutralisation has to be conducted
in a special tower, designed to avoid a violent reaction with consequent loss of ammonia. The
neutralised solution is settled to deposit ferrous hydrate and the clear solution is subjected to filtration,
and concentration in a vacuum evaporator. The concentrated solution passes to automatic rocker
crystallisers, where the crystals and solution slowly flow from one side of the crystalliser to the other.
Such movement promotes the formation of a pure and uniform size of crystal, without mother liquor
occlusion.

The magma is then discharged to suitable centrifugals and the moisture content is reduced to
4 per cent. Subsequently the ammonium nitrate crystals are dried by passage of warm air through
the drying apparatus and the salt emerges containing 0-1 to 0-05 per cent of moisture. The dried
salt is screened and is discharged to barrels, ready for dispatch. Ammonium nitrate contains equal
parts of nitrate and ammoniacal nitrogen—the total nitrogen content being 34-35 per cent. It is
hygroscopic, and unfortunately it cakes. Its physical condition can be improved by granulation
or by mixture with certain materials, such as ammonium sulphate or calcium carbonate, or even
kaolin has been used with a view to avoiding detonation, and imparting other desirable attributes.

It should be observed here that the properties of ammonium nitrate as a fertiliser have been
studied by Ross, Adams and Yee! and large-scale tests have been undertaken. These studies reveal
that ammonium nitrate can be produced and stored in a satisfactory form for direct use as a fertiliser,
by granulating the product to give particles of 8 to 16 mesh, drying to 0-2 per cent moisture content,
treating with 3 per cent of a suitable conditioning agent and storing in waterproof bags. The
conditioning agents suggested are kaolin and various types of kieselguhr.

The well-known #nitro-chalk is a mixture of ammonium nitrate and calcium carbonate, and
contains 15} per cent of nitrogen, half as ammonia and half as nitrate.

Calctum Nitrate—This product was originally manufactured in Norway, and contained 13 per
cent of nitrogen. The actual nitrogen content depends on the purity of the calcium carbonate used
and whether any free moisture is removed by drying. Usually, calcium nitrate contains 4 molecules
of water of crystallisation, but it is possible to reduce this combined moisture to about 2 molecules.

Calcium nitrate absorbs water even more rapidly than ammonium nitrate, and to remedy this
defect it is desirable to prepare a granulated product. Moreover, it 1s preferable to store it in bags
having waterproof liners. To overcome the unpleasantness of handling the grey product, white
calcium nitrate has recently been manufactured, by a process calling for the addition of about 5 per
cent ammonium nitrate. The granules of this product arc smaller and more spherical than the
grey form of nitrate of lime. White nitrate of lime contains 154 per cent nitrogen, one per cent
as ammonia and 14} per cent as nitrate.

L]

Sodium Nitrate.—Possibly under any new international arrangements the supply of this product
will be assigned to Chile. But it is an easy matter to prepare the product by neutralisation of nitric

1 Journal of Industrial Engineering Chemistry, December, 1944, p. 1088.
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acid with a solution of soda ash, evaporating the neutralised solution, crystallising out and centrifuging
the crystals so obtained. In the last war sodium nitrate was produced by the double decomposition
of sodium chloride and ammonium nitrate.

Urea—Urea can be synthesised from ammonia and carbon dioxide. Indeed, ammonium
carbamate (one of the products associated with commercial ammonium carbonate) is possibly an
intermediate product. The experiments conducted at temperatures between 115° C. and 150° C. by
Fichter and Becker revealed that the optimum conversion to urea occurred at 135° C. Moreover,
it was found that the density of loading of the container was important, and that the highest yield
coincided with the highest loading density. The results at 135° C. are shown in the following table :—

TABLE 2

Conversion of Carbon Dioxide and Ammonia to Urea
(Composition of the charge is that equivalent to ammonium carbamate.)

Charge density. Time of heating. Yield of urea.

Grams.—c.c. Hours. Per cent.
0-0324 24 Trace.
0-054 24 136
0-081 24 28-0
0-108 48 31-2
0:216 48 36-8
0-432 48 36-7
0-432 72 40-0
0-649 96 40-64

The problem of attempting to increase the yield of urea formed from ammonium carbamate
has been a captivating one. It has been suggested that the addition of dehydrating agents to remove
the water formed in this synthesis might be advantageous, but trials showed that dehydrated
magnesium sulphate in the gaseous and the liquid phases, and calcium chloride in the gaseous phase,
reduced the conversion. The introduction of anhydrous ammonia up to nearly 300 per cent of that
combined as carbamate of ammonia gave conversions between 81 and 85 per cent of the carbamate
of ammonia to urea. To-day urea is produced from liquid carbon dioxide and liquid ammonia,
heated to a high temperature under pressure. The fused mass is leached with water and the solution
is distilled, filtered and evaporated to yield urea. The nitrogen of this product exists as an amide,
which is an organic form. Thus, like cyanamide, they form, as 1t were, intermediate products between
the ammonia fertilisers and those organic manures which possess animal or vegetable origins.

Recently urca has been produced from concentrated gas liquor by a method developed by
C. Koeppel.

Ammonium Sulphate.—The largest ammonium sulphate works, such as Oppau and Merseburg in
Germany, the 1.C.I. in England, and Toulouse in France, have dispensed with the use of sulphuric
acid, and now use either gypsum or anhydrite. Each of these products is finely ground, maintained
in suspension in about twice its weight of water by agitation, and ammonia and carbon dioxide are
passed into the gypsum or anhydrite water suspension. Ammonium carbonate is initially formed,
and this reacts with the calcium sulphate to form calcium carbonate and ammonium sulphate, the
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latter of which passes into solution. The double decomposition is completed in from six to nine
hours. The following indicates the nature of the reactions :—

2NH,+C0,+H,0=(NH,),CO,

(NH,4);CO3+CaS0,.34H,0=CaC03+(NH,),S0,+4H,0
(anhydrite)

The magma containing calcium carbonate and about 25-30 per cent of ammonium sulphate is
filtered, ammonium sulphate solution is evaporated in vacuum evaporators with specially arranged
calandria, the ammonium sulphate is centrifuged, dried and discharged to the heap. The mother
liquors are added to the water in which the next batch of gypsum or anhydrite is suspended.

Ammonium Phosphates—As the orthophosphates are, generally speaking, those of major
importance in the fertiliser industry, reference will be confined to these.

Orthophosphoric acid is tribasic, reacting with ammonia to form three ammonium phosphates,
namely, mono-, di- and triammonium phosphate. Monoammonium phosphate is slightly acid in
reaction, diammonium phosphate is slightly alkaline, and triammonium phosphate is strongly
alkaline. These three compounds vary in stability and for this reason for commercial purposes only
monoammonium and diammonium compounds are manufactured,

(A) Monoammonium Phosphate.—In this country phosphoric acid is prepared by what is known
as the ““wet” method, that is, by the action of sulphuric acid on phosphate rock, as is described in
detail in Chapter XIII. The phosphoric acid manufactured by the wet method has a maximum
concentration of 25-30 per cent.

To manufacture monoammonium phosphate, gaseous ammonia is introduced to the phosphoric
acid (prepared in the “wet” way) in open vessels, to the point where the solution reacts yellow to
methyl orange and red to methyl red. The exothermic heat of reaction is adequate to raise the
temperature of the liquid to boiling-point. The iron and aluminium phosphates present are
precipitated and lead to the formation of a slurry, which is difficult to filter. The whole mass,
therefore, is reduced to dryness by feeding 1t into a rotary kiln, the temperature of which is maintained
below 120° C. Because of the continuous agitation to which the material is subjected a granular
product, capable of being applied to the soil by drills, is produced.

In Europe a modified process has been introduced. A solution of monoammonium phosphate
in sulphuric acid is obtained by replacing with ammonium sulphate slightly less than one-third of
the sulphuric acid in treating phosphate rock. The reaction occurring when the phosphate rock
is treated with one equivalent of ammonium sulphate to two of sulphuric acid, may be represented
thus :—

Cay(POy), + (NH,),SO, + 2H,SO, = 3CaSO, + 2NH,H,PO,

The above magma needs to be filtered to remove the calcium sulphate and any free acid associated
with the liquid monoammonium phosphate is neutralised with free ammonia. The precipitated
iron and aluminium phosphates that settle out are removed by filtration and the filtrate is concentrated
to crystallise out monoammonium phosphate. By varying the proportions of the two salts,
monoammonium phosphate as such, or a mixture of the latter with sulphate of ammonia, can be
produced. The iron and aluminium phosphate sludge can be sold as a crude fertiliser. Calcium
sulphate can be made into a suspension and converted to ammonium sulphate by introducing ammonia
and carbon dioxide. The calcium carbonate resulting from this latter process is used in the
manufacture of nitro-chalk, or is dried and applied to the land. The commercial product contains
56-5 per cent of P,O;. Occasionally it is sold with ammonium sulphate, thus raising the proportion
of nitrogen to phosphoric acid.

(B) Diammonium phosphate.—The production of diammonium phosphate for use as a fertiliser

possesses certain merits, as contrasted with the mono- compound, because (a) it contains 25 per
cent of ammonia, as against the mono- compound of approximately 14 per cent ammonia, and (b)

B
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there is clearly a corresponding reduction of manufacturing costs per unit of plant food. The process
normally adopted for the manufacture of diammonium phosphate is to add concentrated phosphoric
acid to a solution of the salt, saturated at, say, 20° C., until the solution changes the colour of
bromcresol purple, or until the phosphoric acid content of the solution is increased by about one-third.

Gaseous ammonia and phosphoric acid are then introduced at the same time in the proportion
of 1.5 molecules of the former to one molecule of the latter, the rate of addition being such that a
temperature of 80-90° C. is not exceeded. The addition of ammonia and phosphoric acid is continued
until the phosphate content of the solution is approximately doubled. The solution is then cooled
to 20° C. and ammonia is introduced until a diluted representative sample of the solution reacts neutral
to cresol red.

Diammonium phosphate crystals prepared under the above conditions are centrifuged and
subsequently dried at 60° C. It is usual to add the mother liquor to the next batch for re-use in
the process. The commercial product sold on the continent contains 53-4 per cent of P,O;. Ammo-
phos is sold in the U.S.A. in two grades, having respectively 11 per cent of nitrogen and 48 per cent
of phosphoric acid, and 165 per cent nitrogen and 20 per cent phosphoric acid. Leunaphos is a
mixture of diammonium phosphate and sulphate of ammonia, and contains 20 per cent of nitrogen
and 20 per cent of phosphoric acid.

Urea Phosphate.—-This is merely an addition compound, and its formula is :—
CO(NH,).H3PO,

It is not widely used at the present time, having regard to the reduced number of products
rendered necessary by the exigencies of the war. It can be manufactured by dissolving an cquivalent
quantity of urea in 60-85 per cent phosphoric acid. Heat is applied, if found neccessary, and then
cooling must be resorted to, with stirring, in order to deposit the salt in the form of orthorhombic
crystals.

Urea phosphate prepared in the above manner contains approximately 17.8 per cent of nitrogen
and 44.8 per cent of P,O5. It is readily soluble in water and it hydrolyses to give an acid solution.

Potassium Nitrate—This product can be prepared in several ways. Indeed, many of the Chilean
nitre deposits contain from 5 to 7 per cent, and in some few cases as high as 17 per cent of potassium
nitrate.

Potassium nitrate may be prepared by treating a solution of calcium nitrate with potassium
sulphate. From the resulting solution the calcium sulphate 1s removed and it is then concentrated
to yield a high-grade potassium nitrate.

A more recent process resides in the treatment of potassium chloride with nitric acid (35 per
cent) at 40° C. or below, cooling to —12° C. to admit of the crystallisation of the potasstum nitrate.
The mother liquor is neutralised with ammonia to yield ammonium chloride.

As regards the mixtures which have been referred to in Table 1, little need be said, as ready
means for their preparation are apparent.

It is evident from the sales list published by Imperial Chemical Industries, Ltd., that they
have not made any elaborate provision for the production of chemical compound fertilisers, but
have adopted a method which is marked by consummate simplicity. They use only the two major
products which they manufacture, viz., ammonium sulphate and ammonium phosphate, and mix
these in suitable proportions with muriate of potash, sulphate of potash, 30 per cent potash salts
and rock phosphate, by a special process, in the manufacture of their Concentrated Complete products.
By the process in question uniformity of composition is ensured. Subsequently, the fertilisers are
prepared in granular form to obtain good storage qualities, regularity in distribution and clean
handling. Moreover, they have taken a lead from the principal makers of feeding stuffs, who for
some time have offered for sale what they have termed ‘‘Declared compounds.” This means that
they have not only declared the analyses, as legally required of them, but have also voluntarily
guaranteed the actual ingredients from which their cakes, cubes and meals are derived.
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Apparently, with the introduction of concentrated complete fertilisers, Imperial Chemical

Industries, Ltd., resolved that the same advantages should be open to purchasers of their compound
fertilisers. Below will be found the analyses and ingredients of these fertilisers :—

TAaBLE 31

Declared Fertilisers—Analyses and Ingredients

The table below sets out the actual amounts of each ingredient used for the manufacture of
I.C.I. Concentrated Fertilisers.

Analysis. Ingredients (Ib.) used in the manufacture of 1 ton.
P,0 . 1 |
25 Sulphate | Ammo-  Muriate Sulphate 309,
cor. | N [ ] e | e e e f&k
7 % ‘_-:2, - %,ﬁ o/ - —‘);-—7 1b. o ll)._ o A"). . W‘;l:: J ! “]l:.*AA
No.1 | 124 | 124 02 | 1490 | 105 | 508 334 348 | — | —
T No.2 | 103 | 103 02 | 207 | 872 | 420 464 484 | —
" No.4 | 102 | 204 04 | 102 | 63 | 80 —  — | 70  —
No.5 | 80 | 160 55 | 160 | 480 | 652 718  — | — 390
“No.6 | 75 | 260 60 | 75 | 184 | 1,058 o560 438
No.7 | 65 | 225 30 | 130 | 160 | 916 —  — | o711 - 193
<P S — e
A | 138 414 00 | — | 506 | 1,734 . - — _
B 1720 | 170 o4 | — | 1512 | 728  — _
C | 156 | 312 07 | — | o950 | 1200 —  — | —
Example:—

One ton of C.C.F. No. 1 contains :

1,050 Ib. of sulphate of ammonia
508 1b. of ammonium phosphate
334 Ib. of muriate of potash
348 1b. of sulphate of potash

Total 2,240 Ib.

1 The above analyses and ingredients of equivalent mixtures are taken from the I.C.I.’s Declared Fertiliser List,
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Equivalent Mixtures

The table below shows the quantitics of ordinary ingredients—sulphate of ammonia, super-
phosphate, sulphate of potash and 30 per cent potash salts—needed to make up the equivalent in
plant food of 1 cwt. of each Concentrated Fertiliser. It will be seen that the quantities range fiom
201 to 406 Ib.

C.CF. | C.CF.  C.CF. | CCF. | CCF. | CCF. NP NP NP
No. 1 No.2 | No. 4 No. 5 No. 6 No. 7 A B C
1b. Ib. | Ib. 1b. 1b. Ib. Ib. b, b
Sulphate of Ammonia |
(20-69% N) . . 67 56 56 44 41 35 75 97 85
Superphosphate | ‘
(14% P,04) . . a9 82 163 128 208 180 331 143 250
Phosphate Rock |
(26% P304) . . — - 24 26 13 — _—
Sulphate of Potash "
48% K,0) . .| 17 24— — — — — —
Potash Salts
(0% K,0) . .| 28 39 38 60 28 49 — — -
Total . 211 201 257 256 303 277 406 240 335

Example:—

To supply the same quantitics of nitrogen, phosphates and potash as are contained in 1 cwt.
(112 1b.) of C.C.F. No. 1, we require a total of 211 Ib. if we use sulphate of ammonia, superphosphate,
sulphate of potash and 30 per cent potash salts.

The justification for dealing at some length with the concentrated fertiliser branch of the synthetic
nitrogen industry of this country lies in the success which it has achieved. Lord McGowan, speaking
at the Eighteenth Ordinary General Meeting of 1.C.I., Ltd., gave some interesting information about
the activities of his firm during the World War. He said :

“We were responsible for turning out over half a million tons of sulphate of ammonia a
year, and we did this without neglecting the production of other fertilisers made at Billingham,
e.g., nitro-chalk and complete fertilisers. Indeed, the yearly output of these together was
stepped up from 160,000 tons in 1939 to over 260,000 tons in 1944. These fertilisers were
essential : without them neither the ‘Grow More FFood’ campaign of our farms, nor the ‘Dig for
Victory’ one in our gardens, could have succceded as they did.”

It is hoped that undue prominence has not been given to the concentrated complete fertiliser
branch of the synthetic ammonia industry.

The calcium superphosphate industry has associated with it a synthetic ammonia factory at
Flixborough, and it is certain that it will keep itself alive to the importance of current developments,
In our survey of the fertiliser industry we must continue to examine briefly the other branches of the
industry, in order to present something like a complete verbal picture.

Organic Fertiliser Industry.—The organic fertiliser industry is an important one, and has been
under the control, during the war, of a semi-official organisation of the name of Fabon, Ltd., which
has administered affairs to general satisfaction. This industry is not alone concerned with fertiliser
products, but produces fat, tallow, glues, size, gelatine and osseine. As is seen, some of these latter
products are of importance from an industrial point of view : others from the viewpoint of foodstuffs.
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It is an industry that is likely to suffer in the matter of production by reason of a dearth of raw
materials. The killing of large numbers of cattle earlier in the war, because foodstuffs were not too
plentiful, and the inability to obtain Indian bones with the usual facility, may have reduced the
volume of production during 1943 and 1944.

The word ‘“organic,” used in conjunction with fertilisers, doubtless creates a certain amount
of fascination. But there is little disposition for organic fertiliser enthusiasts to attack artificial
fertilisers, just as enthusiasts in the use of artificial fertilisers are disinclined to ignore the advantages
of organic fertilisers. There are signs of increasing interest in “organics’’ by those responsible for
agricultural research, and it is felt that an examination of many of the problems of the industry
cannot but be fruitful of good results, and that all will profit by the investigation.

Lime, Carbonate of Lime, Gypsum and Salt Industry.—This is a branch of the fertiliser industry
which has assumed increasing importance during the war. Indeed, the subsidy given under the
Land Fertility Scheme some seven or eight years ago has afforded greater prominence to the advantages
of carbonate of lime and lime as correctives for soil acidity. These are substances which in themselves
are not plant foods, and yet it is necessary that they should be applied to the soil in order to render
it more amenable to cultivation, or to release or bring into action the stored-up reserves in the soil.
Sir A. D. Hall says: ‘“The regular use of some form of lime or chalk was part of the accepted routine
of farming as early as we possess any records of British agriculture, and among the manures it figures
in all books of the sixteenth and seventeenth centuries. In fact, “black and white,”” dung and lime,
were the only manures employed by the great mass of farmers until well into the nineteenth century.”

The large producers of lime are Imperial Chemical Industries, Ltd., and the Cement Marketing
Co., Ltd. One treats limestone in the manufacture of lime : the other subjects chalk to the so-called
process of burning, which is really a decomposition process. A good quality of lime should contain
not less than 92 per cent CaO, with not more than 5 per cent of unburnt limestone or chalk. It has
not been an easy matter to maintain a high standard of quality during the war, for obvious reasons.

Fairly large quantities of impure calcium carbonate are produced in water-softening processes,
and in many other industries, and it is profitable to pass these residues through filter presses, subse-
quently to dry them in rotary dryers and sell the dried carbonate of lime under the Land Fertility
Scheme for application to the land.

Gypsum 1s used to render certain fertilisers dry and friable, and for some time this material has
been applied to leguminous and such other crops as are specially dependent upon potash, when it
has exerted a beneficial effect. This is on the principle that the solution of calcium sulphate arising
from the gypsum will attack zeolites containing potash and will thus bring potassium sulphate in
solution in the soil water.

The use of salt alone, or as an adjunct to other fertilisers, is a common farming practice : indeed,
it is usual, in growing mangolds, to apply in many cases as much as 2 or 3 cwt. of salt per acre as
a top dressing, with or without nitrate of soda. In the “fens’” of Lincolnshire potatoes are generally
grown with calcium superphosphate, farmyard manure and a liberal dressing of salt.

Potash Industry.—Rcference has already been made to this industry, but a few further words
should be sdaid. The important deposits in Alsace were discovered in 1904. The origin of these
natural deposits is interesting. They are supposed to be the primary and sccondary residues of a
dricd-up sea, although there are various theories to account for the great depth of the salt strata.
The potash fertilisers which are found on the English market are :—

Pure potash (K,0).
Minimum
guarantees.

Muriate of potash . . 50-4 per cent.
Sulphate of potash . . 486 »
Potash salt . . . 300 i
Potash salt or kainit . 20-0 ¥

Kainit . . . . 14-0 o
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TABLE 41

Average Composition of Potash Salts
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Kainit . . . 149, —- ; 237 t - 0-1 62:3 | 25 110-2 11 149 | 140 | 491 | 4181
|
Kainit . . . 209, 332 01 538 | 21 94 1-3 209 | 200 | 485 | 2574
Potash Salt . . 209,

(also sold as Kainit 209,) - 333 120 | 42 402 | 21 40 42 209 | 20-0 | 40-3 | 192:3
Potash Salt . . 309%, - 486 | 102 | 4.2 262 | 2:2 35 5-1 30-7 | 300 | 42-1 85-3
Sulphate of Potash -

Magnesia . . 209, | 50-4 — 28-0 - 35| 34 76 7-1 | 272 | 260 21 129
Muriate of Potash— '

Purity . . 80 859, S| R3S 0403 | 145 — | 02 | 11 | 526 504 | 485 | 276

» . . 90 959, - 917 02 02 7-1 —-= 0-2 0-0 ! 578 | 570 | 481 12:3
Sulphate of Potash - ﬁ

Purity . . . 909, 1 906 16 27110 -2 04 03 2:2 499 | 486 2:2 24

s . . .90, | 972 0-3 07 | 04 021 03 02 0-7 527 | 527 06 0-4

Y Potash Fertiisers: Thewr Practical Use, by G. A. Cowic, M.A., B.Sc., F.R.[.C. (United Potash Co., Ltd., London).

Table 4 gives the average chemical composition of potash salts. During the World War potash
salts have been in short supply, and recourse has been had to the recovery of potash from blast
furnace flue dust, while during the last three or four years we have been indebted to Palestine
Potash, L.td., America, Russia and Spain for our supplies.

Fungicides, Insecticides, Organo-Mercury Compounds, etc., Industry.—This is an important
branch of the fertiliser industry, and has grown, and will continue to grow. Many substances have
been recommended for eradicating weeds from cereal crops, but not all have stood the test of time.
It is known that copper sulphate, powdered cyanamide and sulphuric acid have survived. Copper
sulphate is easy to apply and handle, but its use is limited to a few weed species, such as yellow charlock,
etc. Cyanamide can control a wide range of weeds, always provided the powder is applied under
;uch conditions that the material is kept in contact with the weed, and is not washed away too early

y rain.

Sulphuric acid has been applied effectively for some ten years now, and is successful in dealing

with charlock and potato haulm preparatory to lifting the crop.

But G. E. Blackman, B.A.,2 has dealt with “Alternatives to sulphuric acid for the control of
annual weeds in cereals.” It is desirable that this contribution should be studied. He remarks
that where copper sulphate has been used for yellow charlock in spring cereals, a change to copper
chloride has many advantages. Apparently, copper chloride acts quicker, and is therefore less
dependent on fine weather after spraying for good results. Copper chloride, in contrast with sulphuric
acid, maintains its effectiveness even when spraying is delayed until the charlock is in flower. It
is claimed that the superiority of copper chloride over copper sulphate holds for all annual weeds.

3 Fertiliser Journal, Vol. 30, No. 9, p. 191,
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Copper sulphate, even at concentrations of 8 per cent, does not kill the most aggressive weeds of
lighter soils—white charlock, runch and white radish. On the other hand, copper chloride may give
a fair and even control at strengths of 2 to 4 per cent, provided that white charlock is sprayed in the
four-leaf seedling stage.

Research under grants from the Ministry of Agriculture Research Council, undertaken at the
Imperial College, has been fruitful of good results. Two phases of the work in which most progress
has been made are concerned with the relative merits of copper salts and the value of dinitro-ortho-
cresol compounds. The latter can be abbreviated to D.N.O.C. It is an active constituent of oil
wash used for late winter spraying of fruit trees, and gives the spray its characteristic bright yellow
colour. D.N.O.C. is a starting-point for yellow dyestuffs, and its skin and clothing-staining properties
give little surprise.

It has been demonstrated that copper chloride is much superior to copper nitrate, and this,
in turn, is superior to copper sulphate, alone or mixed with agricultural salt. The sodium salt of
D.N.O.C. is far less effective than the ammonium salt, but the efficiency of the sodium salt can be
greatly improved by the addition of ammonium sulphate. It should be noted that D.N.O.C. com-
pounds, when dry, are highly inflammable, and for this reason it is usual to dispatch them as water
pastes, containing up to 50 per cent concentration. Old clothes should be worn whenever they are
being applied, together with gum boots, rubber apron and rubber gloves.

An entirely new revolutionary type of selective weed-killer for agriculture has been developed
by I.C.I1., Ltd. This weed-killer, known as Methoxone, is a growth substance of the plant hormone
type. The merit of the new weed-killer is that it will kill the charlock and many other weeds without
harming the cereal crops. The trials already made have shown that when it is applied at the rate of
1 1b. per acre weeds such as yellow charlock, white radish, corn buttercup and pennycress, growing
in corn, are killed, but the crop is unharmed. Large increases in the yield of wheat, barley and oats
are predicted. But we should not overlook sodium chlorate as an effective destroyer of fungus and
unwanted vegetation, and being non-toxic it is preferred by some to calcium arsenate and other
arsenicals, although the latter appear to be popular for specific purposes.

Vegetable products such as rotenone, pyrethrum and nicotine are in constant use, and indeed
appear to be gaining in popularity. Certain cyanides are used as fumigants for glasshouses : emulsified
tar oils are used for winter washes and organo-mercury compounds are used as seed dressings, to kill
seed-borne fungi, the best-known of which are smuts, the spores of which may be present on the
grain of wheat, barley and oats.

For soil fumigation, super-whizzed naphthalene is strongly recommended in some quarters,
whereas for harmful bacteria and insects which attack tender plants, Ster-Izal appears to be gaining
in popularity. But steam treatment is equally favoured for this purpose, and recourse is often had to
the irrigation of the soil by a solution of formaldehyde or cresylic acid. In this connection, however,
Sir A. D. Hall! has pointed out that much further work is yet required before soil sterilisation can be
effected with certainty. There are certain organisms, large as compared with bacteria, definitely
belonging to the animal kingdom, and called, from their simplicity of structure and primitive type,
protozoa. The protozoa, of which three main groups are found in the soil—amcebe, ciliates and
flagellates—are single-cell organisms, varying in size from 5 to 50u.

Brief reference should be made to “Gammexane,”’? an insecticide with outstanding properties.
It was established, after much experimental work by the I.C.I., that the insecticidal action of
hexachlorocyclohexane (666 for short) was due almost entirely to the presence of gamma 1, 2, 3,4, 5, 6,
hexachlorocyclohexane, now known as Gammexane. This, the active principle of 666, is present
to the extent of 10 to 12 per cent in the crude material. There was, during the war, a need for an
insecticide as a substitute for ground derris. This demand was satisfied by producing finely-divided
powder containing 20 per cent of crude 666 and 80 per cent of gypsum, which was further diluted
with selected materials to give insecticidal powders for use on crops. Gammexane, unlike many
insecticides, has proved to be exceptionally suitable to high temperatures. Apparently, considerable
acreages of weed pests have been successfully treated for the control of pests by Gammexane. It
is also highly cffective against bed bugs, and as a mosquito larvicide. It also attacks effectively
the pests of stored-up products such as green weevil.

1 The Soil (John Murray), p. 236, et seq.
3 The Industrial Chemist, April, 1945, p. 173, et seq.
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It is estimated that £1,500,000,000 is the value of the food lost each year by pests.! D.D.T. is
used on a large scale, sprayed by tractors and aeroplanes, for grains, but is still used cautiously
for pastures. With fruit crops, since D.D.T. kills off ladybirds, mites normally harmless become a
devouring plague. Swiss D.D.T. and British Gammexane are gaining pest mastery. D.D.T. is not
effective against cotton boll weevil, but Gammexane can deliver the U.S. cotton crop from this.

Calcium Superphosphate Industry

Coming now to the superphosphate industry, it should be made clear that this book treats of
the various unit processes involved in the manufacture of calcium superphosphate : it refers in detail
to the compounding of manures and gives particulars of the current practice (1945) in the manu-
factyre of granular compound fertilisers.

! It will be interesting to the trade to know that granulating plants have been erected, or are in
course of erection, capable of producing annualty halt a million tons of gramular fertilisers. This
progressive step is onc on which the industry is to be congratulated. But there are still problems to
be solved, and it occurred to the authors that these should be outlined in what follows.

/[Tt has long been accepted that calcium superphosphate reacts on the soil with great rapidity.
Heavy and acid soils react in this respect more rapidly than light and alkaline soils. It has been found
that if superphosphate is spread on the surface of the soil, without being forked in, the phosphoric
acid will penctrate only 1 to 1} inches into the soil. The cause of this fixation is the formation of
water-soluble compounds between the frec phosphoric acid of the monocalcium phosphate and the basic
matter in the soil, such as iron, alumina, lime, etc. Further, hydrolysis of the monocalcium phosphate
to insoluble products occurs. The result is that the water-soluble compounds of a superphosphate
have little or no direct fertilising effect. This would not constitute a defect if the phosphoric acid
in these compounds were easily assimilated by the plant roots, because in such circumstances the
superphosphate would possess the advantage, as contrasted with other water-soluble phosphatic
fertilisers, that its phosphoric acid is more evenly distributed in the soil. Unfortunately, in practice
the foregoing is not realised. The new products formed with iron and alumina are at first citrate-
soluble, but after a time, and especially after periods of drought, they lose their citrate-solubility and
consequently their fertilising value is reduced. This loss of solubility occasionally takes place so
rapidly that a soil known by analysis to require phosphoric acid has revealed no increase of yield when
fertilised with the normal quantity of superphosphate. Fixation and reversion into insoluble
compounds is more marked in acid soils, because iron and alumina are present in a more active form
than in alkaline soils. Even in neutral or alkaline soils having little, if indeed any, iron, fixation of
the water-soluble phosphoric acid occurs fairly rapidly, although slower than in acid soils. This
probably depends on hydrolysis and on the formation of dicalcium phosphate and hydroxyl apatite,
which latter compound is insoluble to plants.

That the phosphoric acid content of superphosphate is constantly fixed in the soil, is shown by
the fact that the quantity of phosphoric acid absorbed by a plant during the first year seldom exceeds
40 per cent of the total used, and may even be as low as 15 to 25 per cent. In acid soils it is even
lower than the latter figure. Clearly, a modern fertiliser should be more efficient than this. That
the superphosphate industry must consider methods by which to reduce or otherwise avoid the
fixation of phosphoric acid, seems obvious.

Lest there should be any doubt as to what calcium superphosphate 1s, the authors will quote from
their article on ““Present-day technique in the manufacture of calcium superphosphate.’’?

“At this juncture it is interesting to ask the question: What is calcium superphosphate ?
Hitherto it was held to be a system not necessanly in equilibrium, composed of a liquid phase
and several solid phases, the former consisting of water and free phosphoric acid. More recent
work has been undertaken by J. W. Hill and his collaborators at the United States Bureau of
Chemistry and soils. X-ray diffraction spectra were obtained of pure specimens of all the
more important compounds likely to be present in the solid phase, and these individual
spectra compared with the composite one given by calcium superphosphate. The
results finally obtained were positive enough. It was found that anhydrous calcium sulphate
and monohydrated monocalcium phosphate were predominant constituents, anhydrous mono-
calcium phosphate being absent, or present in minute quantity, while samples of calcium sulphate,
in which the hemi-hydrate or the di-hydrate of calcium sulphate were found, were either old
materials, or materials prepared with a deficiency of sulphuric acid.

Y News Chronicle, 30th May, 1946, )
¥ Fertilicer, Feeding Stuffs and Farm Supplies Journal, July 1st and 15th, 1936.
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“What was significant about this research was the remarkably fine state of division of the
solid constituents of superphosphate. The closeness with which the particles are inter-associated
explains the failure of all attempts to detect the individual constituents microscopically.
Practical experience has shown that calcium sulphate in superphosphate discharges a far more
positive role than that of a mere loading agent, its behaviour being attributable to its very fine
state of division.

The view has been held in this country, somewhat tenaciously, that there is no evidence that
manufacturers have reason to question the wisdom of accepting water-solubility as the only criterion
for soluble phosphoric acid under the Fertiliser and Feeding Stuffs Act regulations. This view may
call for further consideration at an early date, as it may well be that developments during the World
War may be such as to indicate that too implicit an adherence to water-solubility may be a retro-
gressive step.

Certainly, one way of avoiding insolubility and reversion of the superphosphate in the soil is to
modify its chemical composition. The importance of all manufacturers preparing their phosphatic
fertilisers in the most suitable form for utilisation by the soil, to the maximum degree of effectiveness,
need hardly be stressed.

Granulation of N'P.K. or other mixtures is a step in the right direction, because there appears
to be important cvidence that if granular N.P.K. fertilisers are placed in rows of the right depth,
and adjacent to, but not in contact with, the seed, the increased vield of crop is surprising. The
more contiguous the fertiliser is to the seed, provided contact is avoided, the better are the results.

But it is conceivable that even better results may be obtained from a citrate-soluble phosphate,
that is, dicalcium phosphate, (CaH,P,04), than from ordinary superphosphate itself.. And if this is
the case, then it would be desirable to produce dicalcium phosphate for incorporation in granular
N.P.K. fertilisers when the maximum effectiveness in application is likely to be reached. If dicalcium
phosphate is to be the fertiliser of the future, how is this product to be manufactured in the cheapest
and most efficient manner > This would appear to be the pressing question of the hour.  Shall calcium
superphosphate be manufactured by present methods and mixed with crude ammonium bicarbonate
or reacted upon with phosphate rock up to the dicalcium stage ?

On the other hand, it is conceivable that dicalcium phosphate manufactured in the above way
would be ready for incorporation with potash and sulphate of ammonia, in the production of a granular
N.P.K. fertiliser. These are aspects which can best be decided by experimental manufacture and
extensive trials of the resulting products. Such a method as is indicated would retain the sulphuric
acid method of treatment of the phosphate rock, and represent the best use of the plant and capital
of the superphosphate manufacturer.

But one cannot be blind to the experimental evidence of other countries. In the first edition of
this book reference was made to laboratory-scale experiments by the Bureau of Soils, which had revealed
that almost the whole of the fluorine can be removed, either by heating rock phosphate to 1,400° C,
in the presence of silica and steam, or by passing it in intimate contact with steam in indirect arc
furnaces. Over 80 per cent of the phosphorus is rendered citrate-soluble.  The products of the above
experiments are known to have given as good results as superphosphate in pot culture trials on neutral
or acid soils.

In a private communication to one of the authors, Dr. Harry A. Curtis, of T.V.A. fame, and now
Dean of the College of Engineering of the Unmiversity of Missouri, Columbia, as late as September,
1944, remarked: ““Very little has as yet been published on the T.V.A. development in the production
of defluorinated tricalcium phosphate. Early in the research programme I published with Copson,
Brown and Pole an article giving an account of the work to that date. This article you will find in
Industrial and Engineering Chemistry, Vol. 29, page 766 (July, 1937). The purpose of defluorination,
so far as the production of a phosphatic fertiliser is concerned, is to remove the fluorine from the
fluorapatite (sometimes called fluorphosphate), which carries the phosphorus in the natural rock.
The phosphorus in natural rock is only slightly available to growing plants, due, presumably, to the
fact that calcium fluorphosphate is an extremely insoluble compound. The empirical formula
best expressing the chemical composition of calcium fluorphosphate is Ca,(['3(PO,)s. Any process
which will decompose this molecule and leave alpha-tricalcium phosphate or monocalcium phosphate,
or calcium metaphosphate, will render the phosphorus available to growing plants. In the manufacture
of superphosphate most of the fluorine remains in the fertiliser in the form of calcium fluoride. In
the production of calcium metaphosphate and of defluorinated tricalcium phosphate, the fluorine is
nearly all volatilised. In the case of defluorinated tricalcium phosphate, if the defluorination is
iufﬁciently complete (to less than 0-1 per cent F), the material may be used directly as an animal
ood.”
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\/[At this juncture it is deecmed advisable to refer to the diagrammatic layout of the phosphoric
acid blast furnace, Fig. 2, and to the diagrammatic layout of the plant for the production of phosphoric
acid by the electric furnace process, Fig. 3. The two foregoing processes should be considered in
relation to what Dr. Curtis has observed in his letter. The heat treatment of phosphate rock cannot
be ignored by the superphosphate manufacturers of this country and the European continent. The
illustrations given afford details of the raw materials involved in the manufacture of the equivalent
of one ton of 100 per cent HyPO,. The blast furnace process is one obviously calling for economy
of heat, so as to reduce the quantity of coke used in the actual blast furnace operation to a minimum.
The phosphate rock and binder are briquetted and are introduced with coke and sand to the blast
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furnace. Ferrophosphate and blast furnace slag are tapped from the blast furnace at predetermined
periods. Volatilised phosphorus, associated with dust and steam, etc., is passed through a cyclone
for the removal of the dust, and the phosphorus vapour passes to a hot blast furnace stove, packed
with refractory brickwork. The introduction of the two hot blast furnace stoves with change-over
valves is an important feature of the process, in that considerable heat economy is effected. One of
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these stoves is in operation, burning the phosphorus vapour in air, and thus raising the temperature
of the refractory brickwork, while air is being passed through the incandescent brickwork of the other
stove, which hot air is led to the blast furnace. Thus, apart from the phosphorus being burnt in the
stoves in question the heat produced by the combustion of the phosphorus is conserved in this way.

Part of the phosphorus vapour is burnt with air under a steam boiler, and steam is recovered along
with the P,O; from the stove in a hydrator tower, which is irrigated with water in the form of an
atomised spray. In order to ensure complete recovery of the phosphoric acid, the mist from the
hydrator is passed through a Cottrell precipitator, and such precipitated mist is led to the 90 per cent
phosphoric acid tank.
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Fic. 3.—PHOSPHORIC ACID ELECTRIC FURNACE PROCESS.

The production of phosphoric acid in the manner just described offers certain advantages over the
the sulphuric acid method : (1) low-grade ores, which are unsuitable for treatment by sulphuric acid,
can be used; (2) the process of washing and screening to separate the phosphate from the gangue can
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be simplified; (3) sulphuric acid is dispensed with and (4) there is always the possibility of arranging
the blast furnaces at the phosphate mine, thus reducing handling charges and freight.

As regards the electric furnace process, it is believed that there are eight works operating this
method in the United States of America at present. The phosphate used at the electric furnace
is first sintered in a retort kiln in which pulverised fuel is used. The fine phosphate particles, at a
temperature ranging between 1,300 and 1,360° C., are sintered, forming a sinter which is suitable
for admission to the blast furnace. The phosphate rock sinter, dry coke breeze and silica rock and
iron, are introduced to the electric furnace. P,0; is volatilised and passes to a hydrator and the
phosphoric acid, 85 per cent, in turn is purified and thence led to storage tanks. Molten slag—
ferrophosphorus mixture—is withdrawn at the bottom of the furnace into a dished open pan, into
which the heavier phosphorus deposits.  The lighter slag overflows and is granulated into a sand-like
product by the application of a stream of water applied at high velocity. Grinding is unnecessary.
The slag containing calcium and 1 to 2 per cent P,Oy can be used on the land as a material for correcting
soil acidity.

The f}érrophosplmrus is drawn from a lower tap-hole, as is seen in the diagrammatic drawing,
into iron moulds, to give a bar-like form. Its composition is about one-fourth phosphorus and three-
fourths iron. This material is used in the steel industry.

Whether manufacturers in this country should aim at a defluorinated phosphate, or a silico-
phosphate, the production and application of which are receiving the most carnest consideration at
the present time, remains to be scen.  Economics must obviously play an important part, and the
possibility of using these products in lieu of superphosphate, with potash and ammonium sulphate,
1s a matter calling for the closest investigation.

Stlico-Phosphate—Its Constitution and Properties

What is silico-phosphate?  Silico-phosphate, concerning which the Mimstry of Agriculture
and Fisheries issued as recently as 14th March, 1945, circular S.1).13.700, (of which a copy is given as
an addendum to this chapter), 1s not dissimilar to Rhenania phosphate.  Chemically, 1t can be regarded
as a sodium silico-phosphate. It is a mixture in solid solution, of two molecules, namely, calcium
sodium phosphate and calcium silico-phosphate. It will be recalled that Rhenama phosphate was
produced in Germany during the 1914-1918 war, when Germany’s own low-grade deposits of phosphate
were used.  Later, African phosphates were treated, with the addition of sand and soda ash, in a
rotary furnace, and a product containing 25 to 28 per cent P,0, was produced, the major portion of
which was soluble 1n a standard solution of citrate of ammoma.

It is understood that A.P.C.M. Ltd., Stroud, are to undertake the maufacture of silico-phosphate
on behalf of the Ministry of Agriculture and Fisheries, using existing tube mills and cement kilns for
the manufacture. Rock phosphate, with sand, lime, steam and soda ash, are to be used in the
manufacture of a product to contain 33 per cent P,0;, which, it should be noted, 1s twice as concen-
trated as calcium superphosphate.

Here the question arises: when the process in question is fully developed and established, will
soda ash displace sulphuric acid, or is it the intention merely to supplement the supples of basic slag
with silico-phosphate. The possibilities are immense, but it is felt that cconomic considerations will
ultimately be the deciding factor.

The other possibility which looms ahead is the possible establishment of works in this country
for the treatment of muriate of potash by sulphuric acid, in the production of sulphate of potash,
which has merit as a component of N.P.K. granular fertiliscrs, as contrasted with muriate of potash.
The hydrochloric acid generated would enable another process, which has been developed in the United
States, and which is full of promise, to be tried on a practical scale. What is referred to is the new
concentrated phosphatic fertiliser, monocalcium chlorophosphate. This material, which has been
assigned the formula CaCl.H,PO,.H,0, contains about 35 per cent of P,0;, of which 98 per cent is
citrate-soluble. This product is prepared by treating phosphate rock with hydrochloric acid of density
1-16, and subsequently with 35 per cent phosphoric acid, thus avoiding the formation of significant
amounts of free calcium chloride in the product. Although the chlorine content of the new material
is relatively high, field trials have shown it to be without undesirable side effects, and to possess a
fertiliser value commensurate with its P,0; content.

Silico-superphosphate, or serpentine-superphosphate, is the name given to material produced by
mixing one part of serpentine with three parts of newly-made superphosphate. The magnesium and
silica contents of the serpentine are said to be in more active form in the mixture than in the original
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rock: in fact, it is claimed that the active silica assists plant growth. In addition to supplying both
phosphorus and magnesium to the soil, important trace elements, often lacking in cultivated soils,
are also supplied by the mixture. The cobalt content of the serpentine-superphosphate is par ticularly
important in New Zealand, where the material is now being used in part to replace the ordinary type
of superphosphate.

Howardists : Humus and Ley Farming

Immersed, as the industry is bound to be, in the problems which have been outlined above, it
must not overlook the recent attack of the Howardists, and 1t must never cease to urge the necessity
for ley farming, if humus is to be obtained for the soil. The following oracular utterance of John
BB. Abbott, of Vermont, should never be disregarded:

“If all the accumulated soil-management wisdom of a hundred generations of master farmers
were boiled down to just three sentences, one of these sentences certainly would be : provide for
regular and frequent replenishment of the supply of organic matter in the soil.”

Fertiliser salesmen should be taught that humus is not indestructible.  When it has become
depleted, commercial fertilisers become less effective. This 15 a common farm experience. Soil
fertility can never be stabilised and maintamed unless soil humus is retained at a level normal for the
origin and for the particular type of soil. Fertilisers, lime and organic matter are undoubtedly
complementary : cach has a specific role to discharge. But it is the co-operative, or combining, effort
that will lead to the big harvest.

On the subject of getting humus to the soil, Sir George Stapledon has been telling us for years how
this should be done.  Sir George has defined ley farming as the system which takes the plough around
practically the whole of the farm, and 1s conducted in terms of a rotation, or of rotations, based on the
use of the ley of a duration of two years or upwards. The need for both lime and phosphates is fully
recognised.  Sir George has said that no field in permanent grass 1s too good to be ploughed. A rapid
way of creating humus 1s to arrange a seed-crop, say clover and rye grass. This should be sown in
all white straw crops, including wheat, m the spring, and if it is not maintained as a ley, it should
be ploughed up after the corn harvest, in order to augment both humus and natural nitnfication.
Humus constitutes an excellent habitat for micro-oganisms, and apart from this, its capacity for
1etaining moisture—-a most valuable property —is said to be eight times that of sand and four times
that of clay. The Howardists attach considerable value to the activity of earthworms in promoting
soil fertihity and mn providing mtrogen. But how these insects can be controlled, having regard to
their specific functions, is not easy to define.

Trace Elements and Their Value

Another matter to which fertiliser manufacturers should give careful attention is the incorporation
in their N.P.K. fertilisers, and indeed in their calcium superphosphate, of trace clements, of which
the following are important® calcium, carbon, hydrogen, oxygen, magnesium, 1ron, sulphur, manganese,
boron, copper, cobalt and zinc. Apart from crops removing the three principal elements, calcium is
withdrawn 1n larger quantity than any of the other eleven minor, or trace, elements.  Carbon, hydrogen
and oxygen arc obtained by plants from air and water. With continued cropping it has become
apparent that certain soils are deficient 1 one or more of the remaining eight clements.

Current practice should provide for the addition of relatively small amounts of the deficient
elements.

Many symptoms! in growing crops that had been considered due to some discase or fungal growth
were found to be caused by the lack of one of the minor elements. Magnesium deficiency causes the
condition known as “‘sand drown’’ in tobacco: manganese deficiency causes chlorosis in tomatoes and
other crops: boron deficiency causes “black heart” in mangels and sugar beet, and cracked stem in
celery, while zinc deficiency causes “‘mottle leaf” of citrus trees.

It is still felt that the calcium superphosphate industry in this country should have linked itself
with the gas industry long ago, as the latter has been in a position to provide sulphur in the form of
spent oxide and by-product ammonia, and mutual advantage would have resulted from a consolidation

L Encyclopaedia Britannica Book of the Year, 1938, p. 252,
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of interests. A great advance has been made 1 the production of concentrated gas liquor at relatively
low costs.  Concentrated gas liquor containing 18 to 22 per cent of ammonia by weight can be produced
to-day by the Parrish processes (there are five different types of plant available under the name of
the “Thorncliffe-Balduric”’ system), at about 1s. to 1s. 3d. per unit of ammonia, and even cheaper
if steam from waste hecat boilers is available at low cost.

Fig. 4.--CONCENTR\[L.D) GAS LIQUOR PLANT-—THORNCLII I £~ 1LD L RIE SYSTEM.,

In this country, as indeed 1 the United States, the war had led the fertiliser industry to establish
standard grades for mixed fertilisers.  In point of fact, America invoked spokesmen and representatives
of the industry to speak m all parts of the States. As a result, reccommendations were drafted relating
to the most desirable grades for mixed fertilisers for cach area. The results were considered officially,
and a set of “grade standards” was established. This has led to a substantial economy, because there
are fewer grades to be marketed in any given area.

“National Growmore” fertiliser was introduced in this country late in 1942, based on 7 per cent
nitrogen, phosphate (P,04) and potash (K,0), and has been adopted with enthusiasm. The I.C.I.



GENERAL SURVEY OF THE FERTILISER POSITION 21

namely, semi-water gas manufacture, hydrogen conversion, gas compression, gas purification,
ammonia synthesis and ammonia storage. Graded coke (with fines removed) is fed to the semi-water
gas generators. These supply the nitrogen in the blow-run gas. Water-gas and blow-run gas are
mixed and scrubbed with water.  Sulphur is subsequently removed and the gas is passed to a storage
holder. Additional hydrogen is produced catalytically by the action of the carbon monoxide of the
mixture with steam. Synchronous motor-driven compressors withdraw the gas from the converted
gas-holder and deliver it through six stages of compression for purification and synthesis. Water-
scrubbing at 17 atm. removes (O, and carbon monoxide, oxygen and residual carbon dioxide are
climinated by scrubbing the gases with cold ammomacal copper formate solution at 121 atm. At
350 atm, the final compression is effected. Circulating gas, from which suspended impurities, etc.,
are filtered out, and the purified synthesis gas are then mixed and the combined volume of new and
recirculated gases undergoes refrigeration in an ammonia-cooled condenser. The ammonia-freed
gas now passes to a separator, then via a heater to the ammonia synthesis converter, the gases emerging
from which proceed to a water-cooled condenser.  Now the ammonia is removed, which is condensed,
and the remaining gases pass into the recirculating system by way of the circulator-compressors.
The separated liquid anhydrous ammonia passes through a pressure reduction valve into elevated tanks,
where it can be weighed and delivered to spherical tanks for conversion to nitric acid or for the
manufacture of ammonium nitrate or other ammonium compounds.

International Phosphate Rock Problem.—The Florida and Tennessce phosphate rock mines have
expertenced a demand during the last two or three years unprecedented 1n their experience : indeed,
it cannot be doubted that the production of calcium superphosphate in the United States has been
arrested to some extent by the absence of phosphate rock on some occasions, and by a dearth of
sulphuric acid supplies on other occasions.

The American producers of phosphate rock have viewed with some concern the possibility of most
European fertiliser manufacturers taking delivery of their requirements of phosphate rock from North
Africa.  The large demand for phosphate rock in the United States has caused certain officials in
Tennessee misgiving, lest the supply should become exhausted prematurely.  But it would appear that
there is little fear of a shortage of phosphate rock, although it may be necessary to develop deposits
in Montana, Idaho and the adjacent arcas.  One factor that may retard this development is the greater
cost for transport of the rock from remote points to the hub of fertiliser use.  How rapidly these
deposits are developed depends largely on whether North Africa is likely to be able to satisfy the
Eutopean demand.

Phosphate Prospects in the Unated States —The supply of phosphate in 1945 will be governed by
the availabihty of supphies of sulphuric acid. It is believed that 6-5 million tons of superphosphate,
based on 18 per cent POy, will be required.  There 15 reason to believe that the major portion of the
superphosphate will have a concentration ranging from about 18 to 20 per cent of available phosphoric
acid. Certainly, less than 5 per cent of the total production will be in the form of concentrated
superphosphate, of which the content is invariably 45 per cent 12,04,

I'nternational Potash.—The following table gives deliveries of agricultural potash salts of American
origin for the twelve months ended May, 1944:—

TabBL: 51
Tons K,O.

uU.S. Export.? ‘ Total.

60 p.c. muriate . . . 434,012 ; 50,359 . 484,371
50 p.c. muriate . . . 51,444 | 2487 | 53931
Manure salts . . . . 60,064 3,643 63,707
Sulphates S 47,824 . 5,033 : 52,857
Total . . . . 593,346 ‘ 61,523 654,869

1 The American Potash Institute.
2 To Canada, Cuba, Porto Rico and Hawalii.
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namely, semi-water gas manufacture, hydrogen conversion, gas compression, gas purification,
ammonia synthesis and ammonia storage. Graded coke (with fines removed) is fed to the semi-water
gas generators. These supply the nitrogen in the blow-run gas. Water-gas and blow-run gas are
mixed and scrubbed with water.  Sulphur is subsequently removed and the gas is passed to a storage
holder. Additional hydrogen is produced catalytically by the action of the carbon monoxide of the
mixture with steam. Synchronous motor-driven compressors withdraw the gas from the converted
gas-holder and deliver it through six stages of compression for purification and synthesis. Water-
scrubbing at 17 atm. removes CO, and carbon monoxide, oxygen and residual carbon dioxide are
climinated by scrubbing the gases with cold ammoniacal copper formate solution at 121 atm. At
350 atm, the final compression is effected. Circulating gas, from which suspended impuritics, ctc.,
are filtered out, and the purified synthesis gas are then mixed and the combined volume of new and
recirculated gases undergoes refrigeration in an ammonia-cooled condenser. The ammonia-freed
gas now passes to a separator, then via a heater to the ammonia synthesis converter, the gases emerging
from which proceed to a water-cooled condenser.  Now the ammonia is removed, which is condensed,
and the remaining gases pass into the recirculating system by way of the circulator-compressors.
The separated liquid anhydrous ammonia passes through a pressure reduction valve into elevated tanks,
where 1t can be weighed and delivered to spherical tanks for conversion to nitric acid or for the
manufacture of ammonium nitrate or other ammonium compounds.

International Phosphate Rock Problem.—The Florida and Tennessee phosphate rock mines have
experienced a demand during the last two or three years unprecedented in their experience : indeed,
it cannot be doubted that the production of calcium superphosphate in the United States has been
arrested to some extent by the absence of phosphate rock on some occasions, and by a dearth of
sulphuric acid supplies on other occasions.

The American producers of phosphate rock have viewed with some concern the possibility of most
European fertiliser manufacturers taking delivery of their requirements of phosphate rock from North
Africa.  The large demand for phosphate rock in the United States has caused certain officials in
Tennessee misgiving, lest the supply should become exhausted prematurely.  But it would appear that
there is little fear of a shortage of phosphate rock, although it may be necessary to develop deposits
in Montana, Idaho and the adjacent arcas.  One factor that may retard this development is the greater
cost for transport of the rock from remote points to the hub of fertiliser use. How rapidly these
deposits are developed depends largely on whether North Africa is likely to be able to satisfy the
European demand.

Phosphate Prospects n the United States.—The supply of phosphate in 1945 will be governed by
the availability of supplies of sulphuric acid It is believed that 6-5 million tons of superphosphate,
based on 18 per cent PO, will be required.  There is reason to believe that the major portion of the
superphosphate will have a concentration ranging from about 18 to 20 per cent of available phosphoric
acid. Certainly, less than 5 per cent of the total production will be in the form of concentrated
superphosphate, of which the content is invariably 45 per cent P,0;.

International Potash.—The following table gives deliveries of agricultural potash salts of American
origin for the twelve months ended May, 1944:—

TaBLE 51

Tons K,O.
U.s. .~ Export.z | ‘Total.
60 p.c. muriate . . . | 434012 | 50350 | 484,371
50 p.c. muriate . . . 51,444 | 2,487 | 53,931
Manure salts . . . . 60,064 3,643 1 63,707
Sulphates e 47,824 ‘ 5033 52,857
Total . . . . | 593346 | 61,523 | 654,869
|

1 The American Potash Institute.
2 To Canada, Cuba, Porto Rico and Hawaii.

(o}
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Table No. 6 gives the most up-to-date figures available from America, and these are evidence
of the growth of the fertiliser industry in that country.

TABLE 61!
. . . . December, l December, Twelve-month totals.
Chemical and basis, ! Unit. { 1944. ] 1043, } o, - ey
Ammonia, synthetic .o : ‘ ‘
anhydrous (1009, NH,)? Tons 50,833 48,657 . 543,398 542,879
Nitric acid (100%, HNO,) c " 41,328 ; 39,571 | 469,335 485,274
Phosphoric acid (50%, H,PO,) " . 58,364 J 53,705 | 691,954 630,676
Soda ash (commercial sodium ; | ‘
carbonate): Ammonia-soda | | ' i
process (98-100%, Na,COy) : | | ?
Total wet and dry? - . | 368,588 | 392,633 4,538,498 4,407,618
| ] | j
Finished light* " . 197,315 | 205,637 2,455,308 2,299,776
| ! i
Finished dense 1 v 124,001 | 124515 1,461,832 1,393,952
Sodium hydroxide, liquid |
(100%, NaOH) :5 ‘ : ‘
Llectrolytic process . ! ), i 103,708 105,482+ 1,205,039 1,036,577
Lime-soda process . . . ' 62,354 56,037 i 688,505 663,495
" \ !
Sulphuric acid (1009, H,SO,) :¢ ! , .
Chamber process . . . ‘ " 203,503 294,067 = 3,240,642 3,147,590
Contact process? L, 559,751 523,671 ; 6,028,184 5,456,986
i i
Nett contact processt ., [ " 483,328 459,856 | 5,311,681 4,888,490
i :

v Chemical and Metallurgical Engmeerng, Vol. 52, No. 2.

! Includes a small amount of aqua ammonia.

3 Total wet and dry production including quantities diverted for manufacture of caustic soda and sodium bicarbonate
and quantities processed to finished light and finished dense soda ash.

¢ Not including quantities converted to finished dense soda ash.
8 Includes quantities evaporated to solid.

8 Collected in co-operation with Bureau of Mines.

7 Includes oleum grades.

8 Excludes spent acid.

Whether domestic producers of potash continue to expand productive facilities in California and
New Mexico remains to be seen. Much depends in the post-war period on governmental policy with
respect to potash imports. It cannot be doubted that there are several arcas where potash can be
produced and shipped to the United States at reasonable prices. It is felt that long-term plans for
potash will be largely determined by political considerations, and that the Soviet, Pohsh, Spanish
and British-controlled Palestine operations, which will doubtless be seeking new outlets, may well
supply the United States with some of their requirements, if only for the reason that it may be desirable
to develop international and reciprocal trade. )
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Silico-Phosphate—Addendum

Silico-phosphate has a complex composition, and is somewhat akin to the phosphate in the best
kinds of basic slag. It is, however, much more concentrated than the highest grades of slag or ordinary
superphosphate, though less concentrated than triple superphosphate. It contains about 33%,
phosphoric acid (P,0;) and 1 cwt. of silico-phosphate is thercfore equivalent to 2 cwts. of the ordinary
pre-war grade of superphosphate.

The phosphate is present in a complex form which breaks down very rapidly in the soil to liberate
soluble phosphate, which behaves in the soil in much the same way as the water-soluble phosphate
in superphosphate.

Although silico-phosphate is new to this country, a similar material has been used on the Continent
since the 1914-1918 war and has held its own against the older forms of phosphatic fertilisers.

The relative values of silico-phosphate, superphosphate and Bessemer basic slag have been tested
during the last three seasons in a number of replicated experiments, mostly on root crops and reseeding
on phosphate-deficient soils. The dressings were adjusted to supply equal amounts of total phosphoric
acid.

In 38 experiments on swedes, silico-phosphate gave 8:0 tons of extra crop as compared with
7-8 tons from superphosphate. In 20 of these experiments Bessemer basic slag was also tested and
gave shightly poorer results than the silico-phosphate.  On the more acid soils the crops took up
25 per cent more phosphoric acid from silico-phosphate than from superphosphate, probably because
the water-soluble phosphate was rapidly locked up in the soil.

In 33 experiments on potatoes silico-phosphate gave 2-5 tons of extra crop as compared with
2:8 tons from superphosphate.  For establishment of grass in 23 resceding experiments silico-
phosphate, superphosphate and Bessemer basic slag gave almost identical results.  Silico-phosphate
also gave excellent results on sugar beet. It has not been tested so fully on other crops, but it may
be expected to be at least as good as Bessemer basic slag for autumn-sown cereals.

Silico-phosphate is particularly suited for root crops and reseeding on phosphate-deficient soils,
As it 1s nearly three times as strong as the average grade of basic slag, only light dressings are needed.
This makes 1t cconomical of labour particularly on rough land and land difficult of access.  Suitable
dressings to cover the standard rates under the 1944-45 Fertiliser Distribution Scheme for ordinary
land and for phosphate-deficient soils are given below.

Cwits, silico-phosphate per acre.

Ordinary land. Phosphate-deficient

soils.
Swedes and potatoes . . 2 3
Other roots and seeds for
three-year leys . . . 1} 23
Cereals . . . . . —_ 1
Approved dairy pastures . — 2

N.B.—1It should be noted that the Ministry of Supply (Fertiliser Control), has fixed the price
of silico-phosphate, 33 per cent P,0;, at £9 6s. per ton, less the usual rebates for early delivery.
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~/ CHAPTER II
WORLD'S PHOSPHATE SUPPLY

HOSPHATE rock is a sedimentary deposit containing tricalcium phosphate of lime. It
occurs as a hard rock interstratified with beds of sandstone, shale, or othqr sediments; as
amorphous nodular concretions or pebbles in stream deposits; and as residuum from the
decomposition of phosphatic dolomite or limestone, or other rocks containing phosphate of
lime.

Another type of deposit commonly classed as phosphate rock is the porous coralline or other
limestone of tropical islands, which has been permeated with phosphate leached from guano.
Phosphate deposits of the Western United States and North Africa are beds of the first type.
Amorphous nodular deposits occur in South Carolina and part of Florida in the United States, in
England, Belgium, North-Central and Eastern France, and Russia. The deposits in Tennessec,
Kentucky, and some of those in Florida are residual.

Leached guano deposits are found in the Pacific and West Indian Islands.

On account of a diminution in virgin soil fertility throughout the world, the human race is using
up the available phosphate supply at an increasing rate.  Fortunately, the discovery and opening up
of new deposits have so far helped to keep pace with the increased demand, so that there does not
scem to be any danger for some time to come of a phosphate shortage threatening the agricultural
world.

In 19306 the total output of phosphate rock for the whole world was 11,346,494 toms, representing
3,078,128 tons of P,0;.  Of this total America supplicd approximately one-third.

The table on page 28 reveals the sources from which the balance of the phosphate rock was derived.
There has been a steady increase in the output of phosphate rock over a long period of years.

For instance, in 1907 the world’s output was 4,780,000 tons.  In 1913 it had wmer .cred to 7,230,000
tons, an increase of approximately 50 per cent.

From 1913 until 1936 there has been a further increase of approximately 57 per cent.

In recent years Russia has entered this field of industrial activity, and in 1936 contributed over
two million tons towards the world’s total output, equivalent to approximately 20 per cent.

Next to the United States, she is the second highest producer.

The Russian phosphate, known as Kola, has not met with much favour in the Umted Kingdon,
chicfly because existing plants are not designed to suit its peculiarities. It is shipped in powder form
and requires no grinding, but on account of its extreme fineness it is difficult to unload from ships
into trucks, and cases have occurred where workmen have refused to handle it on account of the dust.

A. Wassiliew,! writing about Khibina apatite (i ¢. Kola phosphate and concentrate), has pointed
out that an apatite has a general formula of Cagl¥(PO,),, as against the phosphate ore of Cay(PO,),.
Apparently the apatite production of the Khibina deposit has two main branches— apatite rock and
apatite concentrates (Kola phosphate concentrate).  The former is used largely in the metallurgical
industry, and the latter is employed in the production of superphosphate, phosphoric acid, thermo-
phosphates, and other fertilisers and chemicals.

Although it is urged that apatite concentrate is now generally recognised as one of the most suitable
products for superphosphate manufacture, due to its extremely high content of tricalcium phosphate,
it is known that Kola phosphate concentrate is difficult to handle, by reason of its extreme fineness,
and what is more, it reacts very slowly, even when using excess sulphuric acid. The time contact
for reaction is appreciably greater than when using Moroccan, Egyptian, Tunisian or U.S.A. phosphate
rocks. .

Moreover, the fluorine content is never adequately decomposed, and the condition of the super-
phosphate can hardly be attractive, even when one has resorted to neutralisation of the excess sulphuric
acid, which is necessarv if the superphosphate is to be sold within reasonable time of manufacture.
A special technique must be developed for the utilisation of Kola phosphate concentrate, and it would
appear that the U.S.S.R. Industrial Export Corporation (Soyuspromexport) has not yet appreciated
how insistent this need is. To-day it is not enough to say that a new product is as satisfactory as

L Fertiliser, Feeding Stuffs and Farm Supplies Journal, June 17th, 1936, p. 361.
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one of established usage: it is essential to demonstrate clearly the technique that will enable a new
raw material to yield as satisfactory a final product as that obtained by the use of phosphate rock,
and simultaneously to establish its economic advantages.

To overcome the initial difficulty, ships must be unloaded, as is the case with grain, by pneumatic
means. Few factories in this country are so situated as to admit of the employment of this method.

Russian Kola phosphate is quarried and is found in three grades. The highest grade contains
28 per cent P,0;, the intermediate and more favoured grade contains 23-25 per cent P,0;, and the
poorest grade drops down to 12-15 per cent P,O;.

It is crushed and submitted to an enriching process by means of flotation, which brings the
P,O; content up to 37-8 to 39-5 per cent.

400]0
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Bar ScREEN

75
MAGNETIC SEPARATOR

MEDIUM_CRUSHING

IST MILLING
+ 20 MESH

1
IsT CLASSIFYING
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2ND ’(.(L.Asstrvme
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INTERMEDIATE
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Concentaare 1T VaPour Y Vapour Concentrate I
37 8% P; 0 Peruan WATER 39-5% P,og

Fi16. 6.—FLOW-SHEET OF PROCESS FOR REFINING KOLA PHOSPHATE.



26 CALCIUM SUPERPHOSPHATE AND COMPOUND FERTILISERS

The diagram Fig. 6 is a flow-sheet of the process now employed, which has been in use since 1931.

Referring to the United States, approximately 95 per cent of the output is drawn from Florida
and Tennessee. The Florida peninsula contains phosphatic deposits of great magnitude ; the area
of the field is approximately 1,200 square miles.

In Florida there are two principal categories—Florida “hard rock,” which contains on an average
77-8 per cent tricalcium phosphate ; and Florida “land pebble,” which is sold with percentages
ranging from 66 to 79.

Florida “hard rock’ is hard and compact with a fine homogeneous grain, and is pale yellow in
colour.  The deposits vary from 5 to 50 feet in thickness. By comparison with North African
phosphates it has a lower percentage of carbonate of lime, but it has a higher content of silica.

The following is the analysis of a good sample of hard rock :—

Tricalcimmm phosphate of lime . . . . 83-14 per cent
P,0O4 content . . . . . . . 3807
Carbonate of lime . . . . . . 363 "
Oxide of iron . . . . . . . 2:26 "
Oxide of alumina . . . . . . . 1-52 )
Silica . . . . . . . . . 413 ),
Calcium fluoride . . . . . . . 44 .
Water . . . . . . . . 0-92 .

-

Tennessee contains two varietics of phosphate known as “Blue Tennessee” and “Brown Tennessee,”’
with percentages varying from 65 to 78.

In Africa the Tunisian deposits are of great importance, and in 1936 supplied approximately
one and a half million tons towards the world’s total.

Tunisian phosphate averages 57 to 65 per cent tricalcium phosphate of lime, and steps have been
taken in recent years to enrich it, and plants have been installed for this purpose. It is extremely
soft, and when shipped approximately 50 per cent of the bulk passes a 60-mesh British Standard
Sieve.  This portion is usually separated out and the remainder passed to the grinding mull.

During the period 1914-18, when, owing to the war, more distant sources of supply were cut off,
the English factories drew practically all their supplies from this field, and the major portion of our
imports still comes from there.

The following may be taken as an average analysis of Gafsa phosphate :—

Tricalcium phosphate of lime . . . . 5944 per cent
P,0O; content . . . . . . . 2723 2
Lime . . . . . . . . . 45-12 "
Carbonate of Lime . . . . . . 1195 »
Oxide of Iron and Alumina . . . . . 1-68 '
Magnesium . . . . . . . . 50 .
Loss on ignition . . . . . . . 299 .
Water . . . . . . . . 2:60 "

In 1921 mining developments began in Morocco and exports from this region have increased
1apidly since that time.

These deposits are estimated to contain over one billion tons, and are situated about 60 miles
from Casablanca. The beds are from 24 to 130 fect in thickness and the quality is good.

An analysis by Delattre and Maris is given at the top of next page.

Moroccan phosphate contains a large percentage in powder form, and the rest is quite friable,
although it presents certain peculiarities in grinding.

Both in Algeria and Egypt beds of high-grade phosphate are being worked, and further enormous
supplies, at present unexplored, are known to exist.

Algerian phosphate averages approximately 65 per cent tricalcium phosphate, and in Egypt
deposits are worked containing as high as 75 per cent.

Some of the most important phosphate deposits in the world are located on three small islands,

namely, Christmas Island in the Indian Ocean and Ocean and Nauru Islands in the Pacific Ocean,
near the Equator.
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Water and organic matters combined . . . 3:06 per cent

Sulphuric acid . . . . . . 189
=3-21 sulphate of lime.

Phosphoric acid . . . 3422,
=74-71 tricalcium phosphate of hme

Carbonic acid . . . . . 280 ,,
=6-36 carbonate of hme

Silicious matter . . . . . . . 25

Oxide of iron . . . . . . . 0:30 .,

Alumina . . . . . 041 »

Lime . . . . . . . . . 5240

Magnesia . . . . . . . . 0-53 ”

Fluorine . . . . . 2:55 "
=523 ﬂuorlde of calcmm

Chlorine . . . . . . . . 0:30 .

100-75
Deduct oxygen equivalent to fluorine and chlorine . 107 ,,
99-68 ,,
Not tested . . . . . . . . 0-32 »
100-00 ,,

Two of these islands—Christmas and Ocean—have long been a part of the British Empire. The
other—Nauru—belonged to Germany until November, 1914, when it was seized by the British Navy
and assigned permanently to the Bntish at the Peace Conference. By the Nauru Island Agreement
Act of 1919, the phosphate was to be divided between England, Australia, and New Zealand, in the
1atio of 42, 42, and 16 per cent respectively.

These allotments are for home consumption for agricultural purposes in the country of allotment,
and not for export. The basis of the allotment 1s to be readjusted every five years in accordance with
the actual requirements of each country. If in any one year one of the three countries does not
require 1ts full allotment, the other two countries are entitled, so far as their requirements for home
consumption extend, to have the excess assigned to them in the proportions to which they are entitled
as above.

So far England has not taken her quota.

The phosphate deposits in these three islands are among the richest of the world’s supply. Their
percentages of tricalcium phosphate are as follows :-—

Christmas Island phosphate . . . . . 80:00 per cent
Ocean Island phosphate . . . . . 85-88 "
Nauru Island phosphate . . . . . 8589

Though Ocean Island phosphate is slightly higher in quality than the Nauru product, the latter
lends itself better to the manufacture of superphosphate, and, generally speaking, is preferred by the
fertiliser manufacturers on that account.

An analysis of Nauru phosphate is given as follows :—

Tricalcium phosphate of lime . . . . 8589 per cent
P,O; content . . . . . . . 39-34 .
Carbonate of lime . . . . . . 469 ”
Oxide of iron and alumina . . . . . 0-76 »
Organic matter . . . . . . . 2:86 '

Water . . . . . . . . 3-87 "
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TABLE 7
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Phosphate Rock—World Production 1937-1939
In Tons of Product and of Phosphoric Acid V'

Country,

Eurore :
Austria . .
Belgium .
Fsthonia |
France
Germany,
Poland
Roumania
Russial® |
Spain
Sweden'?,

Torar

AFRICA
Algeria
Egypt
Morocco .
S. Africa .
Tanganyika
Tunisia

Torarn

AMERICA
Canada
Chili?
Curagao?,
US.A?®

Torar.

AsIA :
British India
China .
Dutch E. Indies
Indo-China
Japan'!

ToraL

PaciFic AND  INDIAN
OCEANS :

Angaur? |

Australia

Christmas Island?

Madagascar?

Makatea?

New Caledonia

Ocean/Nauru .

Philippines

Torar .

GraND ToraL

AVERAGE GRADE ,

1937 1938 1939 ' Grade
Tons Rock -Tons POy Tons Rock=Tons P, Tons Rock- Tons P,O, | =7
I
. |
— A | . — — — . 2600
68,3501 14,355 75,0004 15,750 33,996 7,139 | 2100
10,112 2,022 13,012 4,034 15,0004 4,650 31008
103,46012 34,145 82,0004 27,060 25,410 8,385 | 3300
331412 829 3,221 805 —8 —— L2500
5,400 918 — 10,000 1,700 | 1700
950 23816 9708 242 —8 , =
2,300,000 690,000 2,350,000 705,000¢ | 2,137 450 641,235 1 3000
— e 24,953 7,361 064,000 18,880 | 29-50)
4,916 1,475 6,192 1,8584 7,500 2250 3000
2,496,517 743,082 | 2,555,348 762,110 | 2,293,356 084,239
|
631,119 183,656 584,500 170,09014 593,905 172,820 2910
516,978 155,093 458,400 137,52013 447,965 134,300 ' 3000
1,378,443 479,009 1,487,000 498,14513 | 1,491,754 499738 . 33508
— e 120 3+ 2700
104 28 106 2918 432 17 2700
1,771,457 490,008 2,034,200 569,570'% | 1,827,745 511,709 2800
4,298,101 1,313,794 4,504,200 1,375,360 4,361,027 1,318,874 ‘
90 34 200 76 142 5t ] 3800
24,000 7,200 9,014 2,704 . 3000
98,672 35,188 104,470 37,087 65,081 23,104 | 35508
4,329,599 1,428,708 3,022,244 1,294,341 4,051,778 1,337,141 3300
4,428,301 1,463,990 4,050,014 1,338,704 4,126,015 1,363,003
109 03 23 9 185 68 3700
- — — —_ .8 — | 3500
20,1606 9,158 33,111 11,589 30,000 10,500 3500
20,249 7,402 37,339 13,815 35,004 13.207 3700
121,795 45,073 150,390 50,390 233,811 87,079 37:50
168,379 62,380 220,803 81,809 299,690 111,454
90,652 33,315 105,577 38,800 143,420 52,707 . 3675
20 £ 408 124 - — 2500
165,109 04,410 162,417 63,343 155,569 060,672 39-00
4,300 1,505 5,091 1,992¢ 6,600 2,310 ' 3500
158,841 060,360 102,940 39,117 170,627 64,838 3800
300 105 5,000 1,750 1,200 420 1 3500
1,105,103 430,516 1,158,849 457,745 1,277,188 504,489 ' 39-50
750 270 - -8 e -8 —- 36 00
1,525,135 596,492 1,540,972 602,371 1,754,604 685,436
12916493 4,180,644 | 12932303 | 4,160,854 | 12,835,592 4,163,006
32:379, 32:189, 32439,

For footnotes see page 29
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There are said to be no less than 100,000,000 tons of phosphate on the Nauru and Ocean Islands.
How these extensive and wonderfully rich deposits came into existence has been the subject of much
conjecture. What is known as the “bird” theory is the most popular and generally accepted. The
original guano, in the form of bird excreta, must have been deposited many thousands of years ago.
There is evidence that the 1slands have been submerged on several occasions. The result is that
all impurities have long since been washed away, and practically only the pure phosphate of lime
remains. Curiously enough, the birds believed to be responsible for these deposits are now extinct,
and the islands to-day are rarely, 1f ever, visited by birds.

* Other minor deposits occur in Australia, Spain, Belgium, France, Japan, Canada, and Curagao.
Those in Curagao are of fine quality, resembling closelv the hard rock of IFlorida, but they are not
extensive. Phosphate deposits at the foot of the Himalayas, known as Deradun phosphate, have
been found and a nodular phosphatic deposit exists in Trichinopoly. Both these deposits are
about to be worked. Moreover, in the US.S R. a most extensive and valuable deposit has been
found in Kazakhstan, known as the Kara-Tau deposit. This deposit lies near the east of the Caspian
Sca in the foot-hills of Tibetan-Himalayas. 1t is understood that these deposits are to be worked
on a formidable scale.

Some recent details! of Kazakhstan should be given, in view of the significant deposit indicated.
Its arca 1s 1,037,458 square miles . population (1933), 6,797,000 : Kazakhs, 57-1 per cent, Russians,
19-7 per cent and Ukramans, 13-2 per cent.  Leading cities (1935 populations), Alma Ata (the
capital, formerly Verny), 197,400 ; Semipalatinsk, 136,000; Karaganda, 118,900. Languages:
Kazakh, Russian and Uzbek. Natural resources (estimated) * coal, 60 milhard tons; oil, 1,202-2
million tons ; copper, 11 million tons , lead, 2-:6 million tons, zinc, 4:6 milhon tons.

It is interesting to note from Table 7 that the European countries draw their phosphate supplies
from ncarly all the available sources of supply.

1 Encyclopaedia Britannica, 1939, p. 367,

NOTES TO TABLE 7.

' Including 52,267 tons Mons phosphate.

2 Partly estimated on basis of fertiliser produced.

3 Grade 39-5 per cent prior to 1938.

4 Estimated.

§ 34 75 per cent (dry basis) prior to 1938; 33-5 (telquel) 1s present basis of sale.

¢ Figures not available.

7 Exports.

8 20 per cent prior to 1938

® U.S.A. Bureau of Mines.

10 Apatite and phosphorite production: estimated. . . .

n Daitopima. Rasa. Pelew. Rota. Tocobe. Saipan. Fais. Vatious.
1937 . . 35,160 53,917 21,621 9,669 1,428 -- - -=
1938 . . 24434 61,248 18,073 29,770 2,773 3,058 10,434 —
1939 . . 35277 53,049 26,303 43,539 4,209 20,679 43,821 0,874

2 British Imperial Institute.

13 Total of mining companies’ deliveries.

' Production of S.W. Africa.

18 Chiefly bat guano. .
18 U.S.A. Bureau of Mines.

17 Phosphates and Superphosphate, by A. N. Gray, p. 255.
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>~/ CHAPTER III
THE HISTORY AND CHEMISTRY OF THE MANUFACTURE OF SOLUBLE PHOSPHATES

RIOR to the introduction of calcium superphosphate as a fertiliser, it was known that the
action of vitriol on bone ash produced a soluble phosphate of lime. The composition of this
product, as indeed of other phosphates, had been the subject of study by Berzelius.
This knowledge appears to have found application to agriculture about the year 1840.
That Liebig was responsible for the suggestion appears certain. In his report to the British
Association in 1840 he referred to bones as a manure, urged the importance of fine grinding, and pointed
out that by pouring over bones, in a state of fine powder, half of their weight of diluted sulphuric acid,
a practical method of obtaining suitable division was ensured.

In May, 1842, a patent for making superphosphate “by decomposing bones, bone ash, bone
dust, and other phosphoritic substances, mixing a quantity of sulphuric acid just sufficient to set
free such phosphoric acid as will hold n solution the undecomposed phosphate of lime,” was granted
to J. B. Lawes.

This patent reveals a certain knowledge of the chemical changes accompanying the application
of sulphuric acid to phosphatic matter.

The claim of Lawes, however, was not allowed to go unchallenged. But on learning of Liebig’s
published suggestion, Lawes modified his patent, and confined his claim to apatite, phosphorite, and
other substances containing phosphoric acid.

To Lawes is due the credit of having at least introduced the mineral superphosphate industry
to this country, although Liebig was no doubt the precursor as regards the natural materials—bones,
ete.

As is usual with an important discovery, other claimants were soon in the field. Despite the
plausibility of their pretensions, the position as previously stated does not appear to have been
disturbed.

The caleium superphosphate originally manufactured by Lawes was a mixture of soluble and
insoluble phosphates obtained from coprolites or from guanos, mixed with animal matter and ammoni-
acal salts. It resembled dissolved bones, and was not unlike the product sold to-day as soluble bone
compound.

[t is said that the material varied somewhat in quality, but an idea of its composition, and the
limits within which it varied, are given below.

Nitrogen . . . . . . 324 to 0-12 per cent
Soluble phosphate of lime . . . 1805to 160
Insoluble . . . . . . 0-06 to 283 )

This analysis is due to Way?! (1851).

By 1862—twenty years after the granting of the patent to Lawes—the manufacture of super-
phosphate had increased to between 150,000 and 200,000 tons per annum, whereas in 1907, 700,000
tons were made in the United Kingdom, of which 120,000 tons were exported.

The figure of consumption for Great Britain, Northern Ireland, and Eire for the season 1937-38
was 500,517 tons, as compared with 1,000,000 to 1,200,000 tons, which is the estimated consumption
during the season 1045-46. But the indications are that for the ensuing season there will be an
increased sale.

But it would be wrong to suppose that an important output such as obtained in 1862 necessarily
synchronised with the best type of manufacturing plant, operated under the best conditions. Any
such assumption would be unfounded.

In much the same way as other industries have been evolved degree by degree and stage by stage,
so]the calcium superphosphate industry has advanced. It constitutes no exception to the general
rule.

! Professor Way, chemist, of the Royal Agricultural Society of England.



HISTORY AND CHEMISTRY OF MANUFACTURE OF SOLUBLE PHOSPHATES 31

About 1860, the plant used in the manufacture of superphosphate was simple, and the methods
of operation somewhat crude. The artificial fertiliser factory of those days had buildings (4) for
the reception of the raw phosphate and (b) for the storage of the finished product. A third bui?ding
was assigned to the actual process. Machinery was largely absent. An acid storage tank and a few
measuring tanks constituted the equipment, apart from the dens, which were two or more in number,
according to the size of the factory.

It is known that in some cases these (the dens) consisted of pitch-pine joists, 9 inches by 3 inches,
well tarred and suitably braced. In other cases brickwork dens were used. These were built by
immersing the bricks in hot tar. At other works, in order to prevent warping or unshapeliness of
the brickwork, it is known that 1-inch thick cast-iron flanged plates were employed.

The method of operation does not call for any elaborate comment. The requisite quantity of
acid, detcrmined originally by trial and error, of 106°~112° Tw., was run on to a suitably formed heap
of fine raw phosphate which had been weighed. The two were incorporated thoroughly by means
of rakes, the phosphate being applied to the acid gradually and the mixture turned frequently with
the shovel.

The mass soon showed signs of thickening, and at times even set before the incorporation was
finished.

To obtain uniformity of product the mass was moved from one side of the den to the other. Later,
it was filled into barrows and transferred to the superphosphate storage building. For several months
it was allowed to lie there to mature.  Finally it was screened by hand and delivered to the customers,

Such were the plant and method of manufacture about the year 1860.

As time elapsed, the quality and physical characteristics of raw phosphate changed. New
sources of supply were found and developed. Some of these phosphates were much harder than those
hitherto employed. Moreover, there were differences in chemical composition. It was soon evident
that, if difficulties in manufacture were to be avoided, special grinding plant would be necessary.

Thus 1t is found that the more important factories took steps to install French burrs, or roller
mills, etc.  Crushers were shortly afterwards introduced. About this time the Carr’s disintegrator
was adopted for crushing the finer product. The results following the use of this machine were not
always umformly satisfactory. This was not due so much to any pecular disability attaching to the
operation of the machine 1itself as to the absence of umiformity in the physical quahty and chemical
composition of the superphosphate undergoing mechanical treatment

Where disintegration was satisfactory it was usual subsequently to employ a conical rotary screen
so as to reduce the material to a uniformly fine size.  The finer matenal passed through the screen,
the coarser product being retained in the reel and discharged at the end.  All the coarse material
was returned to the disintegrator for further crushing.

But with the introduction of mechanical plant there came the realisation that the operation of
superphosphate manufacture was, after all, something more than the mere admixture of fine raw
phosphate with dilute sulphuric acid.  Complaints about the product and irregularities in the
manufacture confirmed the more intelhgent manufacturers in the view that chemical control was at
least a necessary adjunct to successful and efficient manufacture.

Apart from the trial-and-crror method of determining the details of the mixings, it was slowly
being appreciated that the chemical compositions of the various raw phosphates were dissimilar,
that the precise strength and temperature of the acid used played a part in the ultimate quality of
the manufactured product, as indeed did the duration of mixing and the case and speed with which
the resulting vapours and steam were removed.

The gradual reversion of small quantities of soluble phosphate - a phenomenon which revealed
itself about this period (1880)—was also an additional proof of the need for chemical control as distinct
from the empirical methods of the past.

It is true that in some factories a chemist was employed, but this was by no means gencral.
His importance, however, became increasingly insistent about this time. . ) )

The operation of mixing in the den was superseded by mechanical mixing, with the introduction
of apatite from Canada and Norway, and with the supply of mineral phosphates from Florida, etc.
The presence of chlorides, and particularly fluorides, in such raw materials, which were released when
undergoing decomposition by treatment with sulphuric acid, constituted a menace to the health of
the operatives, besides creating a nuisance in the locality of the works.

About 1880 the installation of condensing plant to deal with chlorine and fluorine and other
vapours became necessary. Towers of wood or brickwork were built, and these were packed with a
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suitable filling medium, boards on edge, or coke, and profusely sprayed with water. The hydro-
fluosilicic acid was arrested in this way.

To pursue in detail the further developments of the superphosphate industry as regards plant
and practice is uncalled for. It will suffice if bricf mention i1s made of the nature of the subsequent
stages of development.

With the recognition that fine grinding was essential to the efficient manufacture of calcium
superphosphate came the introduction to the fertiliser factories of ball mills, ball mills combined with
tube mills, Griffin’s pendulum crusher, and ring-roll mills of several types.

Fine grinding involved the necessity for the recovery of the dust, and various forms of dust
chambers embodying different principles were adopted.

Similarly, the necessity for economic handling of the raw materials and finished products became
more and more apparent.  This led to the introduction of various types of transport systems, such as
acrial ropeways, steel tray and belt conveyors, bucket elevators, ctc.

To secure a dry pulverulent “‘super”” was a problem which engaged attention for some time. One
of the methods adopted, particularly following the introduction of Florida phosphate, was to resort
to artificial drying. But this process was hardly an unqualified success, as will be surmised from what
has alrcady been written. While drying reduced the amount of water in the superphosphate, the
percentage of free phosphoric acid, as indeed of hydrofluosilicic acid, increased, and such a product
was not without its disabilities. It attracted moisture, and contributed to the destruction of the bags.

But the greatest advance about this time (about 1900) was an appreciation of the fact that the
fine subdivision of the superphosphate and a reduction of the free acidity would alone give the desired
quality of product.

Mechanical dens with mechanical cutting devices and improved draught appliances have
undoubtedly conduced to a material improvement in the physical, mechanical, and chemical properties
of superphosphate.  This feature, as well as other advances in technique, will be enlarged upon in
detail in the subsequent chapters.  In introducing each of the unit processes involved m the
manufacture of calcium superphosphate further allusion to historical developments will be briefly
made.

" The Chemistry of Phosphorus Compounds

A few words will be devoted to the chemistry of phosphorus compounds in fertilisers before
proceeding to the chemistry of the soluble phosphates.

Phosphatic fertilisers are all substances containing some form of calcium phosphate. The varicties
of calcium phosphate are many.

Phosphorus pentoxide (,0;) is the only oxide of phosphorus found in fertilisers, and the only
acids which need concern us are those denived from phosphorus pentoxide. No pentahydrate of
phosphorus, such as one would be entitled to suspect, exists, although all the phosphorus compounds
are found in dchydrated forms of it.

There are three phosphoric acids, resulting, as has been tacitly indicated, by combination of
phosphorus pentoxide with one, two, or three molecules of water. These are known respectively as:

(@) Metaphosphoric acid.  P,0,.H,0, HPO,, being 3(P,0,.H,0).
(0) Pyrophosphoric acid.  P,0;2H,0, or H,P,0,.
(¢) Orthophosphoric acid. P,0,3H,0, or H;PO,.

Orthophosphoric acid is the most commonly-occurring. Pyrophosphoric acid only occurs in
substances which have been subjected to heat. Metaphosphoric acid is a product of overheating.

The two last named—pyro- and meta-phosphoric acids—are both converted into orthophosphoric
acid on boiling in acid solutions. Similarly, in the presence of excess water, even if the solutions
are cold and neutral or alkaline, such a change as that alrcady indicated occurs, but the reaction, as
will be suspected, is a very slow one.

It is possible to discriminate between the three phosphoric acids named without much difficulty.

Metaphosphoric acid gives a white precipitate, both with barium chloride and silver nitrate, and
it coagulates a solution of albumen. Pyrophosphoric acid gives no precipitate with barium chloride,
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but a white precipitate with silver nitrate, and it does not possess the power of coagulating albumen ;
orthophosphoric acid gives no precipitate with barium chloride, but a yellow precipitate with silver
nitrate, and does not coagulate albumen.

The calcium salts of orthophosphoric acid are found in all phosphatic fertilisers, and consist of :
(@) Monocalcium phosphate, which may be represented thus : CaH,(PO,), ;
(b) Dicalcium phosphate, represented thus: Ca,H,(PO,),; and

(¢) Tricalcium phosphate, represented by the formula Ca,P,04.

All three calcium orthophosphates are unstable in water, breaking down, as they do, into solids
containing more lime than the original solid. In solution, the ratio of acid to lime is greater than in
the original solid. .

I'. K. Cameron, A. Seidell, and J. M. Bell have investigated the composition of the aqueous solution
containing calcium hydroxide and phosphoric acid. A significant part of their results will be found
in Tables 8, 9, and 10, illustrating as they do the solubility of the solid phases at temperatures of 25°
C., 40° C,, and 50-7° C. A study of these results will prove peculiarly instructive.

Conditions of equilibrium of the calcium orthophosphates in aqueous solutions
of phosphoric acid

TABLE 8
25°C
Grm. per 100 grm of (
saturated solution.
- ) E Solid Phases.
CaO. P,O,. l
3-088 36-11 ! Ca(H,PO,),H,0.
4-908 28-34 ! .,
5-809 2420 | Ca(H,PO,),H,0: CaHPO,.
5-523 22:90 1 CaHPO,.
4-990 17-55 ? )
2.638 9-100 .
1-878 6-049 )
0.826 2:387 ‘ "
0-165 0417 ' CaHPO,: CaHPO,2H,0.
0-070 0-166 ' CaHPO,2H,0.
0-060 0140 | .,
0-050 0-118 | "
0-040 0-093 ; "
0-030 0-070 {}
0-020 0-047 I'+ More basic than CaHPO,2H,0.
0-010 0023 |
|
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TaABLE 9
40° C.
Grm. per 100 grm, of
saturated solution,
Solid Phases.

|
CaO. ‘ PO,

; ,,,,,
1:768 42-42 Ca(H,PO,),11,0.
3-584 36-79 "
5.755 27-25 Ca(H,P0,),lH,0 : CaHPO,.
4-813 21-67 CaHPO,.
3-810 16.35 '
2:536 9-905 ’s
1-847 6979 v
1-267 4-397 '
0-576 1-819 .
0-156 0-426 "
0-0592 0-158 .
0-0508 i 0-128 Cay(PO,),H,0.
0-0008 1 0-0262 '

|

TaBLE 10
50:7° C.

Grm. per 100 gim. of
saturated solution.

Sohd Phases.

|
0. P,0,. !
|
0336 62:01 ! Ca(H,PO,),: Ca(H,PO,),H,0.
0635 5808 | Ca(H,P0,),H,0.
1-428 50-25 .
2:074 4192 .
4-880 3318 ‘ .
5.725 20461 ~ Ca(H,PO,),H,0: CaHPO,.
3-507 15-48 CaHPO,.
2:328 9-468 N
1-563 6157 N
0-692 2:281 N
0-0596 01527 | CaHPO,2H,0.
0-0514 01331 | Cay(PO,),H,0.
0-0351 00042 .
0-0106 0-0300 | "

0-0007 0-0007

»
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Calcium Orthophosphates !

A reasonably pure crystalline product with well-defined characteristics, of a definite molecular
species, has not been prepared. What is obtained is a white earthy powder,? which retains water
very tenaciously.

The reactions between calcium phosphate and sulphuric acid have been studied by Kolb, Millot,
Weber, Piccard, Joulie, Crun, Armsby, and Erlenmeyer. If one to two molecules of sulphuric acid
are used for a molecule of normal calcium phosphate (Ca,P,05), and enough is added to make the whole
into a ‘‘slip,” Millot has found that CaH,(PO,), and CaSO, are formed. If less than one molecule
of sulphuric acid is used, 50 per cent of the calcium phosphate remains unchanged.

Armsby has found that the amount of soluble phosphate—CaH,(PO,),—which is formed by the
sulphuric acid depends on the temperature and on the duration of the reaction ; and he assumed that
CaH,(PO,), is initially formed by the action of the acid, and that this then reacts with the unchanged
calcium phosphate to form the dicalcium phosphate, thus : )

Cay(PO,), | CaH,(PO,),—=4CaHPO,.

Millot further showed that with two molecules of sulphuric acid, per molecule of normal phosphate,
69-63 per cent of soluble phosphate is formed, and with equimolecular proportions the soluble phosphate
in the product decreases, owing to the formation of CaHPO,, while Kolb assumed that free phosphoric
acid is formed by the action of two molecules of acid and one molecule of calcium phosphate, which,
on standing, forms Ca(H,PO,),.

The apatite group is another class of phosphorus compounds which concerns us. A true apatite
can be regarded as a fluorine compound, having the formula Ca;(PO,),I*. It is a crystalline substance,
found in the enamel of animals’ teeth and in minerals.

There are other forms of apatite, such as chloro-apatite, in which fluorine is replaced by chlorine ;
hydroxy-apatite, in which the fluorine is replaced by the hydroxyl group (OH); as well as organo-
apatite, where one finds fluorine substituted by organic matter. An exemplification of the latter is
the principal constituent of bones, where some phosphate occurs as a sclero type—the gelatinous
matter of bones displacing the fluorinc.

Bone phosphates are regarded by some authorities as a carbono-apatite [Cagz(PO,)4],(05, and
equally there is evidence to support the assumption that the water in soluble nitrogenous matter
occurring in milk is a casein apatite.

In some special cases calcium occurs as a basic phosphate, with more calcium in it than tribasic
phosphate, and where the acid involved is less dehydrated than orthophosphoric acid.

In addition, there are some silico-phosphates met with in some fertilisers, (vide p. 23).

Monocalcium phosphate is stable in the presence of hydrochloric acid. If any of the calcium
phosphates are dissolved 1n hydrochloric acid and evaporated to dryness, it will be found that the
monocalcium phosphate remains behind. The same result follows the evaporation of a mixture of
phosphoric acid and calcium chloride. Tt is found that dicalcium phosphate will absorb hydro-
chloric acid gas when passed over it. Tricalcium phosphate is attacked slightly by carbonic
acid, and produces solutions which are said to contain some dicalcium phosphate.

The phosphates of the alkalis are all soluble in water. The phosphates of the alkaline earths
are soluble in acetic acid but insoluble in water, whereas ferric and aluminium phosphates are insoluble
in acetic acid.

/" The Chemistry of Soluble Phosphates

Despite the introduction of chemists to the superphosphate industry, to which reference has been
made earlier in this chapter, it is doubtful if the scientific control of the processes involved has been
on a scale commensurate with the improvements of the plant employed and the growing resources
of the raw materials,

It is not easy to assign a reason for this. Various explanations have been offered. A chemically
pure product is not the aim of the fertiliser manufacturer when ground rock phosphate is acted upon
by sulphuiric acid. Rather is it the desire that the product shall possess certain chemical and physical
properties. The aim is to secure the maximum proportion of soluble monocalcium phosphate,

1 Dr. Mcllor’s Inorganic Chemustry. 2 Basset, 7. Chem. Soc., 111, 620 (1917). 5
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combined with a friable and granular texture, admitting of ready manipulation and mixing, and allow-
ing of suitable use with mechanical distributors. If attention were directed alone to the chemical
characteristics of the product, there can be no doubt that the physical attributes of the superphosphate
would suffer. The latter features cannot be computed from chemical equations or factors. Trial-and-
error methods of mixing in the past seem to have appealed more strongly and directly to fertiliser
manufacturers than theoretical deductions.

That theory (known facts, duly marshalled and generalised) can be co-ordinated with practice
appears certain, and recently this has been one of the directions in which fertiliser chemists have
attempted to make some advance.

The importance of the phase rule in reactions such as are involved in the manufacture of super-
phosphate has not always been fully appreciated. That the phase rule plays a significant part is not
now disputed.

Several workers have investigated the theory of soluble phosphates, and have approached it from
the point of view of the phase rule. Camcron and Bell' have partially studied the four-component
system CaO, H3PO,, H,S0,, and H,0, and their findings have been represented by a series of diagrams
simijar to Fig. 0

O represents a saturated solution of lime in water. On the Ox axis A represents a solution in
equilibrium, with dicalcium phosphate and the limiting solid solution ; and B, a solution saturated
with both mono- and di-calcium phosphate. On the Oy axis, C represents a solution saturated with
both calcijum hydroxide and gypsum, and D a solution in equilibrium with both gypsum and anhydrite.
The ficlds over which the calcium phosphate can exist are very narrow. The data for 25° C. are
shown in Table 11.  The changes which occur by raising the temperature have been partially
investigated.

TaBLE 11

Grm, Grm. Grm. }
Fig. | P04 SO, CaO i Solid Phases.
Letter, | per per per \
L litee, litre. htre. i
0o 0 00 117 \ Ca(OH),.
A 3 0-0 1115 | Sohd sol. CaHPO,2H,0.
B . 317 0-0 7700 | Ca(H,PO,),H,0 : *CafIPO,2H,0.
C 0 09 190 | Ca(OH),: CaSO, 2H,0.
D 0 317:5 1:00 | Ca5042H202 CaSo,.
E ; 3 09 1-50 ' Solid sol. CaS0O,.2H,0 : CaHPO H,0.
P 317 0-6 7700 | CaSO,2H,0: CaHPO,2H,O0 : (H PO,),H,0.
G | 545 0-2 3800 CaS0,.2H,0 : CaSO,: Ca(H, PO) ,0.

The point IF moves to the right, G to the left. At 66° the two points meet, and there is a sextuple
point where the six phases—solution, vapour, CaS0,, CaS0O,2H,0, CaHPO,2H,0, and Ca(H,PO,),H,0
—are in equilibrium.

Approaching the matter again from the viewpoint of other investigatory work, and taking initially
the chief constituent, calcium phosphate, normally there is a solid phase, consisting of mono- and
di-calcium phosphates, and a liquid phase, consisting of phosphoric acid, water, and monocalcium
phosphate in the system (to use the parlance of the phase rule) phosphoric acid, calcium oxide, and
water. To what extent free phosphoric acid and dicalcium phosphate exist depends in practical
working on the water introduced via the sulphuric acid. A unit weight of water at constant
temperature will dissolve increasing quantities of monocalcium phosphate, with a progressive increase
in the proportion of free phosphoric acid, pending equilibrium being attained, as is represented by
the reversible reaction, thus:

(x) 2CaH,(PO,).<>CaH,(PO,),+CaHPO,+H,PO,.

v Journal of American Chemical Society, 28, 1220 (1906).
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The liquid and solid phases vary according to the degree of saturation. Up to the saturation
point there is a liquid phase consisting of water, monocalcium phosphate, and free phosphoric acid,
with a solid phase consisting only of dicalcium phosphate, formed by hydrolysis of monocalcium
phosphate. Beyond the saturation point, with increasing quantities of calcium oxide and phosphoric
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Fig. 7.—DIAGRAM RELATING TO THE FOUR-COMPONENT SYSTEM
(CaO, H PO,, H,80, and 11,0)

acid, the liquid phase remains undisturbed, while the solid phase tends to increase in amount, with
an increase of monocalcium phosphate. Temperature also plays a part. Following an increase
of temperature, further decomposition of the monocalctum phosphate is effected, while the solubility
of the dicalcrum phosphate 1s augmented at the expense of the solid phase.

s Chemical Changes as relaling to Commercial Tricalcium Phosphate

What does an examination of the chemical changes in the mixer and den reveal when ground
rock phosphate 1s acted upon by sulphuric acid ?

Many are the theories which have been propounded from time to time in explanation of the action
in question.

Where an excess of sulphuric acid is used, there is reason to believe that the following reactions
represent what takes place :

(1) CazP,044-3H,50,=3CaS0,+2H,PO,.

(2) Cayz(PO,);F+45H,50,=5CaSO,-+3H,PO,+HI.

(3) Cay(PO,)sO0H -4 5H,S0,:-5CaS0, +3H,PO, - H,0.

If a chloro-apatite or an organo-apatite is present, as contrasted with a fluoro-apatite, then
equation (2) needs to be modified accordingly.

Where there is a deficiency of sulphuric acid, and the rock phosphate is incompletely dissolved,
then evidence exists for the view that the reactions occurring are :

(4) CagP,044-2H,S0,+H,0 =2CaSO,+CaH,P,0,.H,0.

(5) 2Caz(PO,) 4l +7H,SO,+3H,0=7CaSO,+3CaH,P,04H,042HF.

(6) 2Ca4(PO,),OH+7H,S0,+H,0=7CaS0,+3CaH,P,0,.H,0.

D
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Following more recent study and experimentation, there appears to be good ground for the belief
that the complicated reactions occurring between phosphate rock and sulphuric acid (disregarding
the minor reactions, which relate to the action of sulphuric acid on alumina, calcium and magnesium
carbonates, fluorine, iron, and silicates, etc.) can best be represented by presupposing the existence
of three distinct and separate processes, thus :

Process 1. 3Ca,4P,0,4-6H,80,=4H;P0,+Ca;P,04+4-6CaSO,.

The phosphoric acid released attacks a further quantity of phosphate, producing monocalcium
phosphate :

Process 11. 4H,PO,Ca,P,0,=3CaH,P,0,.

Contrary to former belief, the conditions in the den are such that gypsum, CaSO,.2H,0, cannot
be formed (vide page 12). It has now been clearly established that the setting of calcium super-
phosphate in the den depends on loss of sulphuric acid, phosphoric acid and water, on the formation
of solid salts and the crystallisation of CaH,P0,.2H,0.

Process I11. (@) 3CaH,P,0,-+3H,0=3(CaH,P,0,.H,0).
() 6CaSO,~+3H,0=6(CaS0,.4H,0).

It must not be concluded that the three principal foregoing reactions take place consecutively,
or that they represent precisely what occurs, or that the reactions proceed to completion. Any
such assumption could not be conclusively supported.

That the first reaction proceeds to completion is tolerably certain, but of the remaining three,
the two important ones are essentially “time reactions,” and proceed more slowly. They are accom-
panied by the characteristic solidification and drying of the mass in the den.

Referring now to equation (x) (see p. 00), various possibilitics which concern practice can be
considered.

An Excess of Water and Liltle I'rec Phosphoric Acid.—What may conceivably occur in this case
will be that the superphosphate may be damp. The calcium salts will, however, have crystallised,
as represented by the equations (a) and (b) above, and drying, accompanying an increase of temperature,
however applied, will readily furnish a good product.

Large Excess of Waler and Iree Phosphoric Acid.—In this case crystallisation may be retarded,
or altogether prevented. An attempt to dry by the application of heat will give rise to the formation
of a further quantity of free phosphoric acid. This increase should, however, gradually disappear
as cooling proceeds, with a material improvement in the quality of the product.

A. Aita,! in a long paper, discusses the reactions from the last-named viewpoint, and rcaches
the conclusion that “the free acid in a good quality superphosphate should not exceed 5 to 10 per cent
of the total soluble P,O;, and that the uncombined water should not exceed 12 per cent.”’

The presence of dicalcium phosphate may be deemed to denote a good product.  Crystallisation
is defective, and the physical properties impaired, when the free acid and water exceed the limits
already defined.

What Affects the I'ree Acid Content >—The factorsexerting an important influence in this connection
are : (1) the proportions of rock phosphate and sulphuric acid, and (2) the amount of water, which
is a function of the specific strength of the acid used, and the temperature at which the reaction
in the den takes place. Obviously, the higher the temperature the greater the evaporation of
water. Clearly these factors are within the control of the fertiliser manufacturer. It should not be
difficult to locate any irregularity or abnormality in manufacture if a logical application of the
foregoing cquations, and the conclusions to which they undoubtedly point, is made.

To avoid erroneous inferences, it will be well to enlarge further on this aspect.

To conclude, from an analysis of a sample of superphosphate immediately following manufacture
that the major portion of the free acid was indicative of the use of an excess of sulphuric acid in
connection with the mixing at the start, may prove unfounded. Excess sulphuric acid may
conceivably be present in a freshly drawn sample, due to incompletion of the reaction. Practical
experience suggests that this is not a remote possibility in the case of a product which has been cooled
too rapidly. ’ ‘

1 dnn. Chim. Appl., 10, 45 (1918).
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The authors have known samples freshly drawn to show as high as 6 to 7 per cent of free acid
as P,0;, but after the lapse of a week this content was reduced to 4 per cent, and finally to 2-5 per
cent. This reduction of free acid was accompanied by a corresponding increase of soluble phosphates.

The example cited above is peculiarly significant, as illustrating how, with Florida pebble and
apatites, the attainment of equilibrium 1s somewhat sluggish. As a broad proposition, it can be
said that cquilibrium varies with the quality of the phosphate used. The harder the phosphate the
less rapidly equilibrium is attained, and conversely, the softer the phosphate the quicker the attack
by sulphuric acid, and the more rapidly equilibrium is reached. ~ Stability of composition of the ““super”’
in the heap can alone indicate the completion of the reactions. It is true that with the finc cutting
of the finished product, which is now a feature of several of the mechanical dens and accessories,
finality as regards the completion of the chemical reactions is tolerably rapid.

Determination of Free Acidity.—The work which Dr. Lehrecke of Kemiska Patenter, A B.
Landskrona, has undertaken to ensure the more rapid determination of the free acidity of calcium
superphosphate should be helpful to technicians. It is true that the free acidity of calcium super-
phosphate can be determined by one or two methods. The usual one is to extract the superphosphate
with water and to determine the free acidity by titration, after suitable precautionary measures have
been taken. Although this method gives significant and reproducible results, it suffers from the
defect that it is not absolute. The shaking of the superphosphate with a large volume of water
necessarily changes the conditions of equilibrium. It would appear, however, that the reaction is
too slow to alter the free acid content appreciably during analysis (this objection applies also to the
ether and cyclo-hexanol methods).

The other method consists of digesting the superphosphate mn an inert solvent, which dissolves
only phosphoric acid and allows of titration. Such solvents are ether and cyclo-hexanol.  Ether
involves a preliminary drying of the superphosphate—a procedure which alters the amount of free
acid present. Cyclo-hexanol does not necessitate drying, and hence is more promising.  BBoth methods
give the total acidity. To attempt to discriminate between sulphuric acid and phosphoric acid in
the total acidity is not an casy matter.

That sulphuric acid is present to a small extent in calcium superphosphate is not unlikely, since
it is a complex equilibrium mixture derived from H,S0, and Ca,P,0,. But that it occurs to a much
larger extent in calcium superphosphate ¢ontamning a great deal of free acid is open to doubt.  The
usual method of deciding this is the use of some indicator, such as metanil yellow.  This test, however,
serves a useful purpose in that it indicates with certamnty whether too much sulphuric acid has been
used in the nuxing, and it 1s suggested that advantage should be taken of this method more frequently
than 1s the case, 1n order to economise the use of sulphuric acid in the manufacture of calcium super-
phosphate.

The minor reactions now call for attention. Taking these in order of importance, one comes to
calcium carbonate.

Calcium Carbonate. --When sulphuric acid acts upon phosphates containing calcium or magnesium
carbonates, the carbonates are first attacked with the formation at the outsct of anhydrous calcium
sulphate and the releasc of carbon dioxide. Two advantages accrue from this reaction, in so far as
they affect the ultimate product—calcium superphosphate.

The heat evolved certainly aids the reaction and favours complete decomposition, and the passage
of the gascous CO, through the mass gives to it a porosity which assists drying, and conduces to a
desirable mechanical condition. Subsequently, the anhydrous calcium sulphate may undergo hydration,
with the formation of gypsum. This reaction being an cxothermic one, it gives an added temperature
to the mass undergoing decomposition.

The form in which the carbonates exist in various raw phosphates differs somewhat. In some
phosphates it exists as calcium carbonate, although in a few cases—notably those of Carolina and
Florida—-it is found in the form of magnesium carbonate.

It has been affirmed by some fertiliser chemists that more than 5 per cent of carbonate acts
adversely in the production of an abnormal amount of gypsum, which is prejudicial to the mechanical
condition of the final product. Apart from this, acid is consumed to little effective purpose, besides
which, one has to pay freight, handling, and other such expenses for a diluent which might conceivably
be purchased and added at less cost.

With those phosphates which contain little carbonate, it will be found that the reaction with
sulphuric acid is sluggish, practically no heat of reaction being evolved. In such cases it is preferable,
nay, indeed, it can be said that it is established practice, to mix a low-grade phosphate, containing a
higher content of carbonate of lime, with it.
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The reactions involved when calcium carbonate and magnesium carbonate arc decomposed by
sulphuric acid are simple, and free from the compllcatlons seen in connection with calcium phosphate.
They may be represented thus :

CaCO434-H,S0,=-CaS0O, +CO,+H,0.
MgCO,-+H,S0,=MgS0,.H,0+-CO,.

Calcium sulphate may crystallise with two molecules of water to form gypsum, and magnesium
sulphate may crystallise with seven molecules of water to form a crystalline compound—Epsom salts.

It is known that magnesia occurs in small quantities as tribasic or neutral phosphate. The result-
ing magnesium acid phosphate is not deliquescent, like sodium bisulphate and other such compounds,
neither is it decomposed by water.

Fluorine—Yluorine, cither as calcium fluoride or apatite, is found as a constituent of a large
number of mineral phosphates.  The chemical reaction which takes place on treatment with sulphuric
acid is indicated on p. 37, as also arc those which develop subsequently, following the actioa of hydro-
fluoric acid on silica, and the subsequent hydrolysis of the silicon tetrafluoride.

[t is unnecessary, therefore, to elaborate this aspect further, except to say that silicates of lime
and alumina are found in some rock phosphates, and such silicates are either attacked by sulphuric
acid or by phosphoric acid, but only very sluggishly.

However, it is not inconceivable that some such slow reaction may explain part, at least, of the
reversion of water-soluble phosphates in superphosphate—an aspect which will be dealt with at greater
length in Chapter XI.

Chlorides and Iodides.— Apart from what is termed a “true apatite’” (Caz(PO,),F), one finds
in mincral phosphates other bodies of a somewhat similar composition, in which chlorine, iodine,
and the hydroxyl group are substituted for fluorine.

Normally, chlorides and 1odides, on the application of sulphuric acid, will give rise to the production
of hydrochloric acid and hydriodic acid.  The last-named being subjected to partial oxidation by the
oxygen of the air, will give rise to the evolution of iodine, which can readily be recognised by the
characteristic violet tinge which it imparts to the gases evolved from the mixer and den.

Iron and Alumina.- —In Chapter XI reasons will be found why careful attention should be paid
to the contents of iron and alumina in mineral phosphates, which 1t is proposed to produce.

Not only are these bodies responsible for a relatively high consumption of sulphuric acid, but they
also account to an important extent for the phenomenon of retrogradation.
The iron exists for the most part as ferric phosphate, although cases are known where it takes the
form of pyrites, as is exemplified by Tennessee phosphates.  Magnetite may also be present.
On treatment with sulphuric acid the phosphates in question undergo the following decomposition :
(a) 3FePO, |-3H,S0, - FeHgP,04--Fe,y(SO,) 5.
(0) 2FePO,--3H,S0, --2H PO, -|-Fe,(SO,) .
It has been suggested that where the oxide of iron content of a mineral phosphate does not exceed
2 per cent, little disability will accompany the use of such a raw material, inasmuch as to that extent
calcium phosphate will remain in solution.
There is, however, the possibility of ferric sulphate acting upon monocalcium phosphate, with
the consequent formation of ferric phosphate. This last-named compound exists in two forms--
hydrated and dchydrated.

If there is a deficiency of water during the hydration of calcium sulphate to the crystal form—
gypsum—water will be abstracted from the ferric phosphate, and this will render the latter considerably
more difficult of attack by sulphuric acid. One attribute of alumina compounds is that they are
sluggish in action, and hence their tendency to contribute to reversion-—an aspect already referred
to under this heading.

Organic Matter—The theory is held that all phosphates are of organic origin, and in proof of this
it is urged that when triturated to an impalpable powder, or when dissolved in acids, theyv all give
a characteristic smell, somewhat resembling that of paraffin oil. TFrom this it is assumed that these
deposits are not of great antiquity, and that what metamorphosis has taken place can only be slight.

What concerns us at this juncture is whether any impaired fertilising value results from the attack
of such organic matter by sulphuric acid. There appears to be a unanimity of opinion that, apart
from the charring of organic matter by acid, little else ensues.
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Despite the fact that much of the foregoing constituted part of our original treatise, the need
for revision has not been insistent. Nevertheless, there has been published, by A. Sanfourche, an
interesting contribution entitled, “Observations as to superphosphate : the gaps in our knowledge
of this subject.” This is given in detail below, as representing current information. The authors
are indebted to the International Superphosphate Manufacturers’ Association for these particulars,
and acknowledgment is hereby made.

A survey of the chemical composition and physical condition of superphosphate, indicating the difficulties
encountered in obtaining by analysis the information necessary to permit of ils constitution being
understood.

The reaction which gives birth to superphosphate, reduced to a rough outline, consists in the
attack of tricalcium phosphate, an essential constituent of natural phosphorites, by a suitable pro-
portion of sulphuric acid, having for result the production of monocalcium phosphates :

Cay(PO,), 1-2H,50, :=CaH,(PO,), 1-2CaSO,.

It might, therefore, be considered at a first glance that superphosphate is formed essentially of
monocalcium phosphate and sulphate of calcium ; many other substances, however, enter into its
composition, arising mainly from the secondary constituents of the phosphorites, and to a smaller
degree, from the impuritics of the sulphuric acid.  In a normal superphosphate, there are usually
to be found -

Monocalcium phosphate, to the extent of 23 to 30 per cent according to the richness of the phos
phorite used ; accompanied by free phosphoric acid, it produces “water-soluble phosphoric acid,’
which 1n certan countries is the only condition to which a commercial value is attached, and which
in others 1s at any rate considered as having a greater value than that of other forms of phosphoric
acid. Monocalcium phosphate 1s for the greater part contained in the sohd phase of superphosphate,
although a considerable portion is found in saturated solution in the liquid phase.

Dicalerom phosphate is found in small, although not negligible quantitics ; 1t constitutes, with
the monocalcium phosphate, free phosphoric acid and wholly or partly carthy phosphates, the portion
known as “citrate-soluble phosphoric acid,” or assimilable phosphoric acid.

Tricalcium phosphate, of which the always small proportion decreases as the superphosphate
matures, 15 contaned in the unattacked residue, either on account of some large grains of phosphate
having escaped the action of the acid, or the proximity of other salts having protected them.

5 ] y g

Free phosphorie acid 15 found n the form of a relatively concentrated solution in the liquid phase,
Tt comes from the deliberate excess of sulphuric acid at the time of manufacture, but it has also another
origin. Its quantitative analvsis is amongst those which have led to the greatest number of investiga-
tions, and 1t will be seen that 1its extraction alone constitutes a delicate problem.

Sulphate of calcium constitutes about half of the weight of superphosphate ; we shall show later
that it 15 far from being the inert body which it is generally considered ; its degree of hydration, the
importance of which in connection with the physical condition of the superphosphate can be
immediately grasped, has been considerably disputed  Superphosphates known as “double,” “treble,”
“concentrated,” which are manufactured by attacking natural phosphates with phosphoric acid, contain
little if any calcium sulphate, and their physical properties are thereby completely transformed.

Tron and aluminium as well as chromium, of which very small though calculable quantitics are
found, for the portion attacked, as phosphates in the liquid phase, and otherwise as free or combined
sesquionides in slag ; in spite of their relatively low proportion, iron and aluminium have a great
influence on the physical condition of superphosphate, and even on the analytical results.

Magnesium, of which certain phosphorites (Gafsa) contain as much as 0-5 per cent, is found again
in a corresponding proportion in superphosphate, generally in solution in the liquid phase.

Alkaline metals, particularly sodium, may be met with in superphosphate ; their source is generally
the sulphuric acid, when the manufacture of this involves direct use of sodium nitrate, although small
quantities may also come from the phosphorites.

Fluorine, a normal constituent of the apatite contained in phosphorites, is partly eliminated
as silicon fluoride during the attack by sulphuric acid ; but a considerable proportion remains in the
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superphosphate. No particular trouble has been taken to ascertain the condition of this fluorine,

it having been supposed to remain in the slag in the form of free calcium fluoride, or as apatite which
has escaped attack.

Small quantities of chlorine sometimes accompany the fluorine in the phosphorites.

Silica is mostly found in the form of quartz, but a fraction might be found in the phosphorite
in the form of silicates ; at the time of the sulphuric acid attack, this fraction is more or less completely
eliminated in the form of silicon fluoride, whereas the quartz is hardly touched.

Organic matter, cvidence of the animal origin of the phosphorites, subsists in great mcasure in
superphosphate, in the form of unknown combinations. A large number of quantitative analyses
of carbon have proved to contain between 0-50 and 1 per cent of this element ; this may correspond
to a double content of organic matter, the latter being probably 1n a state of advanced condensation.

Other bodies in very small quantities are frequently found in superphosphate, introduced either
by the phosphorite, such as iodine and manganese, or by the impurities of the sulphuric acid, such as
nitric compounds, arsenic, selenium, etc. ; from our point of view, it does not seem that they can affect
the constitution of the superphosphate, because of their minute proportions, but an influence upon
the vegetation has sometimes been attributed to them. This aspect of the subject has been treated
in full in a recent paper by Hill, Marshall, and Jacob,! who have identified and estimated thesc
elements in different American phosphorites and in the phosphoric acid extracted therefrom.

We shall not do more than mention the carbonates and free sulphuric acid, which should not be
found in a well-manufactured superphosphate; the former would indicate a lack of acid, the latter an

excess, or else an incomplete attack cither through faulty contact or in consequence of insufficient
fineness of the phosphate.

Superphosphate, at the time of its manufacture, has the appearance of a pulp, it is a more or
less plastic mass while still fresh, that is to say for a variable period during which the reactions are
taking place, and finally, when dry, is a coarse-grained powder.  In reality, however dry it may appear,
it always retains a liquid phase, the proportions of which vary considerably (from a few units to 20
per cent), and we shall see later that there may also be a colloidal phase, which certainly has a great
influence upon its outward appearance and its physico-mechanical qualities. A small fraction of
this liquid phase may be extracted by high pressure if the superphosphate is not too dry ; in this way
a green liquid is obtained (1 cc. per kg. of superphosphate) of which the following are a few analyses :

| 1 2 i 3 4
“'_ |
Density at 20° . . 1-440 1440 | 1477 1-403
Total 2,04 . .. 3309, 3009, | 3219, 30-7%,
Free P,O; . . . 18:0 9- 15-5 118
Fe,04, AlLO,, (1,0, . 40 59 2:8 1-9
CaO . . . . 2:5 20 ' 30 39
MgO . . . . — = 11 14
Alkalis (in Na,O) . . — e boo12 0-6

1. Superphosphate pressed on the day of its manufacture.

2. The same pressed at the end of 15 days.

3. Another superphosphate pressed 1 day after manufacture.
4. The same as 3, pressed at the end of 6 days.

It is fairly probable that the solution obtained by squeezing out does not exactly represent the
liquid phase as it exists in the superphosphate, firstly, because of the selective adsorption of the
constituents of the liquid phase by the solid elements with a highly developed surface where the capillary
actions must be intense ; secondly, in consequence of the conversions which the mode of extraction
may provoke ; as a matter of fact, Spring? has shown that the mono-basic phosphates of calcium,

! Hill, Marshall and Jacob, Ind. Eng. Chem., 1932, Vol. xxiv, p. 1064.
% Spring, Bull. Soc. Chim. Belge, 1907, Vol. xxi, p. 91.
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of sodium and lithium, when submitted to high pressure, liberate a certain quantity of phosphoric
acid, leaving a more basic residue. In spite of these restrictions, the figures given above indicate that
a concentration must be produced of certain elements in the liquid phase.

Finally, it might be thought that the constitution of superphosphate 1s well known, secing that
we are not ignorant of any of the bodies which it contains ; nevertheless, we know but little about it,
however astonishing that may seem when one remembers the great number of scientists and
industrialists who, for more than a century, have interested themselves in this question. The reasons
for this relative ignorance may perhaps be of two kinds :  1st, the elementary analysis is only of very
slight assistance in comparison with that which would be obtained by immediate analyses concerning
the different compounds in the actual state in which they exist; but little is known of methods
suitable for this purpose. Those which are most generally adopted have only a conventional value ;
although quite useful for commercial transactions, they can only lead to error if an attempt is made
to base conclusions of a scientific nature thereon : thus it would be fallactous to consider as dicalcium
phosphate the portion which is insoluble in water and soluble in citrate, or to attempt to calculate
the monocalcium phosphate in accordance with the difference between the water-soluble phosphoric
acid and the free phosphoric acid. If, morcover, 1t is borne in mind that the majority of analytical
trecatments alter or convert the product treated, it may be said that the analytical methods at present
adopted! are not calculated to demonstrate the real constitution of superphosphate.? 2nd. Certain
of the compounds present in superphosphate cannot, from the point of view of their reactions, be
considered as if they were isolated , they are not without action upon one another, which complicates
not only the study of the constitution but also the analysis. Examples of this are found directly an
attempt is made to go further into the question, and we shall later on mention several of these ; the
most typical is the action of calcium sulphate, which might be thought to be inert, on the hydrolytic
decomposition of the monocalcium phosphate, a subject treated in a previous paper.  The speed
of this decomposition is entirely modified when calcium sulphate is present, as is the case when super-
phosphate is treated with water ; an account of the investigations concermng this phenomenon is
given in a later paper.

To sum up : in the attempt to extend our knowledge of superphosphate, we worked in the two
following directions :

(1) We studied the causes of disturbance of the analytical methods and tried to remedy this
where we thought possible ; we in some cases attempted to establish more precise or more convenient
methods or to take better advantage of the old ones.

(2) We manufactured pure superphosphate or partial constituents of superphosphate, which
simplified the problem by eliminating secondary bodies, and allowed us to verify the methods of
analysis. These secondary bodies were subsequently studied, first in isolation, then mixed with pure
superphosphate.

1 In France these methods are regulated by the Report to the Mimstry of Agriculture of January, 1897.

2 Cameron and Bell, U.S. Department of Agriculture Bureau of Soils, Bu/l. 41 and 42. Aua, Ann. Chim. Applic.,
1918, Vol. 10, p. 45.
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N/ CHAPTER 1V
CRUSHING AND GRINDING PLANT

AW phosphate requires to be ground before acidulation.  The fineness to which it is ground
depends, to some extent, on the phosphate being used (whether African or Pacific), but to
a greater extent on the process of acidulation.
There are three processes in general use to-day for the manufacture of superphosphate ;

they are :

The Batch Process,

The Continuous Process,

The Oberphos Process.

With the batch process, where “Milch,” “Sturtevant,” or similar type dens are used, the phosphate
is usually ground to a fineness of 80 per cent through a screen having 10,000 holes per square inch.
When using Nauru phosphate the grinding is not so fine and manufacturers find that a good dry
superphosphate can be made with this phosphate ground to a fineness of all through a screen having
1,600 holes per square inch,

In Amecrica, however, they favour finer grinding, which suits the Florida and Tennessee rocks ;
there, they gencrally work to a fineness of 90 to 95 per cent through a screen having 10,000 holes per
square inch,

Where the continuous process is in operation, using the Broadfield or Moritz type den, the
phosphate is usually ground to a fineness of 70 to 80 per cent through 100 mesh British Standard
Sieve.

About ten years ago a new system of manufacturing superphosphate was developed in the United
States of America, known as the Oberphos process, and was a distinct departure from all previous
processes. It was operated in this country for a number of years by Messrs. Fisons, Ltd., of Ipswich,
and one of their subsidiary companies.  The operating and maintenance costs, however, proved
prohibitive, and the process was ultimately abandoned.  However, in a work of this nature a descrip-
tion of the process may be of historical value, and it is dealt with in a subsequent chapter.

In the Oberphos process the phosphate rock is usually ground to a fineness of 97 per cent through
a 60 mesh British Standard Sieve.

In European works, where phosphates from all parts of the world are used, the raw material may
vary considerably in size. This 15 less marked to-day than it used to be, as most mines have installed
preliminary crushing plants.  Nevertheless, most grinding plants include a preliminary crusher
which, if not actually used to full capacity at all times as a crusher, acts as an automatic feeder to
regulate the feed to suit the capacity of the fine grinder.

Moisture aftects the rate of grinding, and 1ts influence is felt more markedly with some phosphates
than with others.  For instance, Flondan and Moroccan phosphates should not contain more than
2 per cent of moisture, whereas Gafsa may contain as much as 5 per cent without creating any difficulty.

Since the establishment of the superphosphate industry many different grinding machines have
been installed and some have been m use for a longer period than others. In the early days, and in
fact until quite recent years, the cost of manufacturing was not explored too carefully, but this does
not apply now. Indeed, before any grinding plant is installed to-day guarantees of a very rigid kind
arc imposed on the manufacturer, as the cost of grinding is an all-important one.

The result has been that obsolete types have been superseded by machines consuming less power
and involving less maintenance.

In this country and throughout Europe the Ring-Roll type of mill holds the field almost exclusively.
In America it is also popular, but has a powerful rival in the Raymond mill.

These two types of mills, without doubt, are responsible for the grinding of 75 per cent of the
world’s phosphate supplies.

A modern phosphate grinding installation comprises a number of machines which will now be
described in their sequence of operation.
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As previously mentioned, the preliminary crushing of the rock is not so important as it used to be,
as the Pacific phosphates now shipped seldom contain lumps larger than 4-inch to 6-inch cubes, whereas
most of the African phosphates will pass a }-inch screen. Jaw crushers which were necessar v at one
time arc now ruled out, and rofary crushers arc almost exclusively used. They necessitate a mmnimum
of power, and have the advantage that when little or no crushing is required they act as automatic
feeders to the plants. They cannot be choked, and take their own feed. They can be fitted with a
receiving hopper on top, into which a grab or Fordson shovel can tip half a ton at a time.

It is a slow-speed machine and little power is required to drive it : the power factor averages
from 1 to 1} B.H.P. per ton of rock fed.

With this type of crusher the dust created in the process of crushing 1s held within the machine
itself and is not allowed to escape into the surrounding atmosphere.

Fi, 8. —SECTIONAL VIEW OF ROTARY CRUSHER

IHustration Iz 8 shows the machine m general use. It is built on the open-door principle, which
is clearly illustrated in the picture.  This enables the machine to be opened out in a very short space
of time, exposing wearing parts for inspection, and allows of the removal of any foreign matter which
may have found its way into the machine by accident.

As will be seen from the illustration Fig. 8, the rock is crushed by gradual reduction.  Firstly,
as the teeth on the upper grinding nuts have a wide pitch a continuous nipping action is imparted to
the material.  In the lower cone of the machine a shredding or rubbing is imparted to the material,
which tends to give a large percentage of “fines” in the product.

The central shaft can be moved up or down by means of the adjusting yoke under the crusher.
This movement regulates the fineness of crushing.

As the rock is crushed and falls clear of the lowest grinding nut it is picked up by a scraping device
and cjected from the discharge opening at the side of the machine.

When crushing phosphate rock the cones are usually set to give a product of approximately
l-inch cube and downwards, which is a suitable feed for the fine-grinding machine which follows.
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Another type of machine,
altogether different from the
rotary crusher, is used in America
for the preliminary crushing of
hard rock phosphate. It is called
@ saang sledge mill, and is shown
in Fig. 9.

It is built on the open-door
principle, and is of massive design.
It is fitted with coarse grate bars,
which form the bottom of the
machine and act as a rough sizing
screen. The spaces between the
bars are usually 1 inch wide. When
used for this duty the mill is run
at approxmmately 500 revolutions
per minute, half its usual speed,
Fio. 9.—SWING SLEDGE MILL and has a very large capacity.
Further, it will take lumps of
considerable size.

The hammers are made of special steel and are flexibly mounted, to give back in rclief
should a picce of iron enter the mill,

The shaft runs in Hyatt roller bearings.

The mill occupies very little headroom, which tends to minimise the depth of pit required to
accommodate the elevator boot.

In the preliminary crushing of phosphate rock there is always a danger of tramp iron being present
in the material and entering the crusher.

In rotary crushers, 1f this occurs, the friction clutch which drives the machine tends to slip, and
as these crushers run at a slow speed they generally pull up before any serious damage occurs.

Magnetic Separators.—-In modern plants the difficulty is entirely overcome by installing a magnetic
separator,

One of those in common use is the Igranic magnetic pulley.

Iiig. 10 shows the arrangement of one of these magnetic separators. The magnetic pulley is
placed at the delivery end of the conveyor which carries the phosphate rock to the crusher. The belt
1s made sufficiently wide for the rock to spread over the width of the belt in a thin layer, approximately
2 inches thick.  The magnetising of the pulley is accomplished by passing direct current through
windings in the interior of the pulley. The current sets up a magnetic pull, which passes through
the belt and attracts any iron or stecl that may be contained in the rock. These pieces are held in
contact with the belt until the latter leaves the pulley underneath. Here they are dropped, and may
be collected in a box or other receptacle.

Fic. 10.—MAGNETIC SEPARATOR
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Direct current is required to encrgise the magnetic pulley.  Only a small amount of current is
required, and this may be taken from any 110 or 220-volt direct-current electic circuit. It can also
be made to work on a 500-volt direct-current circuit ~ When direct current s not avaitlabl 1 small
direct-current belt-driven generator can be installed at a nominal cost,

The pulley runs at approximately 38 revolutions per minute, and can be relied upon to remove
all magnetic material varying in size from a nail up to 50 Ib,

Fig. 11 shows a typical arrangement of a belt conveyor with a magnetic pulley at the delivery
end.  The hopper at the tra}]mg end has adjustable sides, which regulate the amount of rock the con-
\cyohr belt picks up and delivers to the plant. The magnetic pulley ensures that no ron enters the
crasher.
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Fig. 11,—MAGNETIC SEPARATOR AND CRUSHER

Fine Grinding.—As previously stated, the Ring-Roll mill has superseded other types for the
grinding of phosphate rock.

It operates on the principle of three grinding rollers, being kept in close contact with a grinding
ring by means of spring pressure.

The ring revolves and the friction causes the rolls to rotate. The rock is fed between the first
roll and the ring, and is circulated round by centrifugal force, a large proportion of it passing under
the other two rollers. There is always a bed of material between the rolls and the ning, so that the
metal surfaces do not come into contact and hence wear and tear is minimised. The pressure on the
rolls is equal and opposite so that the ring is in equilibrium, which tends to reduce the power for driving.
There are no nternal screens to clog as separation is effected externally to the mill.

The illustration Fig. 12 gives a sectional view of a Ring-Roll mill and indicates the flow of the
material. The first roll has a flat surface and will allow material up to 1} inch cube to enter the grinding
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zone. The other two rolls have convex faces, as
they produce most of the “fines.”

The mill is so designed that the whole front
opens like the massive door of a safe (see Fig. 13)
and cairtes the rolls and all their parts entirely
outside the mill.  This is a great advantage when
worn parts have to be changed.

The requisite grinding pressure is applied to
the 1olls by a central screw on the outside of
the door, which adjusts the three rolls equally.

This type of mill is comparatively noiseless
m action on account of its slow speed and steady
pressure.

I16. 12,—-SECTIONAL VIEW OF RING-ROLL MILL

Ilig. 14 is an outside clevation of the mull and shows the method of driving,

Fre. 13.—RING-ROLL MILL OPENED OU”
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STURTEVANT

Fic. 14—OUTSIDE ELEVATION OF RING-ROLL MILL

The following table gives the output on various phesphates and the horse-power required for
driving the different units.

'

TarLe 12

‘ Co | Output n tons per hour.  Fmeness, 80 per cent
Horse- through 100 mesh B.S.S.
power
Size of Mill. ~ required |
. . | for Florida Pacific Algerian
' ' l driving. Rock. Islands. and Gafsa. M’Dilla.
i

|‘ Moroccan.

No.1 . . .| 25 2-2} | 24--3 34 4—5 3—4
No.2 . . .| 45 34—4 | 45 57 7 0 57
No. 2 Duplex . . 90 7—8 8--10 10- 14 1R 10—14
Moisture not . .o '

exceeding . . 20, . 29, 201 5%, 49/,

The Ring-Roll mill does not give a finished product direct, and air separators, which have largely
superseded screens, are used for extracting the fines, and the tailings are returned to the mmll for
further grinding.

Air Separation of Ground Phosphale Rock.—Fig. 15 gives a section of a modern air separator.
These machines have been in use for nearly fifty years and were first used in the grain milling trade.
Strange to say, there was little or no improvement on the early design until about twenty ycars ago,
but since then there has been a remarkable development in their internal construction, and to-day
the machines of well-known makers are extremely efficient.

In the separation of phosphate for acidulating purposes the efficiency averages about 80 per cent.
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The machine operates in the following manner ;

The crushed product from the grinding mill is fed through a chute in the top of the machine.
A small deflector plate mounted on the vertical shaft serves to prevent the introduction of large lumps
into the working parts. The material falls on to a distributing plate, directly under the inlet hopper,

[ S

24 -8°OvERaLL TO Tor or MoTOR
g2

Fia. 15.—SECTION OF MODERN AIR SEPARATOR

and is then flung out by centrifugal force, forming a circular screen of falling material. The various
deflecting rings and a serrated cone serve to loosen the fine from the coarse material. In the mean-
time, a horizontal fan, situated just under the top cover, creates a regular circulation of air through
the falling screen of material. This air suction lifts the fines and whirls them round in the outer
casing, where the ordinary action of a cyclone separator comes into force. The dust is flung against
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the outer casing, gradually separates from the air, and finallv falls through the outlet spout at the
bottom. The oversize material, which has been too luge (or the an current to hift, falls down the
inner cone or hopper, and is discharged through a separate outlet.  An adjustable damper atrangement
controls the opening, which allows the circulating air to return into the mner chamber )

These dampers arc of various designs.  The one shown in the machine m g, 1515 a tlat 11ing, which
is raised up and down by the screws and hand-wheels on top of the separator.

Fig. 16 shows another type of damper which consists of a series of adjustable tangentially-
arranged vanes surrounding the inner cylinder in the path of the return air current. These vanes
are said to accelerate the centrifugal eftect, which helps the separation, and also tend to repel any
dust particles which are likely to be entrained with the circulating air.

Fig. 17 is a complete view of one of these machines cut so as to show the inner working parts.

In all types of air separators, the product being separated is acted upon by three forces—-the force
of gravity, centrifugal force, and the force of the fan suction. The first two combine to prevent the
third from lifting the material into the outer
cxhaust chamber. Thus any particles on which
the combined action of gravity and centrifugal
force is greater than the force exerted by the
fan, will be projected outwards and downwards
in the separating chamber, and discharged
through the tailings spout.

The fineness of the product is varied in two
ways—by regulating the speed of the vertical
shaft, or controlling the damper.  Alteration of
the damper retards the speed of the circulating
air, but has no effcct on the centrifugal force.

Complete Ring-Roll Grinding Unit.—From
what has been already written, 1t will be
gathered that a Ring-Roll unit comprises a
number of individual machines working in a
closed circuit and to some extent 1s subject to
modification to suit local conditions, such as
height of buildings and position of storage silos.

A typical arrangement of a Sturtevant
plant for the grinding of phosphate rock is
shown 1 Fig. 18 and comprises the following
machines :

Preliminary Rotary Crusher
Ring-Roll Mill

Air Sceparator

Circulating Elevator

Fic. 16.—TANGEN I'TAL. DAMPER IN AIR SEPARATCR

In addition to these items of plant, 1t is advisable to include a dust-collecting unit to ensure a
clean atmosphere and safeguard the health of the workers. This dust unit comprises an automatic
filter, suction fan, with the necessary hoods and piping connecting with the points where dust tends
to arise.

Referring to Fig. 18, it will be observed that the mouth of the crusher is placed level with the
ground. This enables the contents of a barrow or light truck to be tipped right into the mouth without
the necessity of shovelling. This crusher is usually driven by a separate motor, so that when certain
phosphates are being used, such as Moroccan or M'Dilla, the machine can be thrown out of gear ; the
rock may then be fed direct to the elevator boot.

The product from the crusher is elevated to the air separator. In this machine the “fines’ are
extracted, and are usually conveyed to the storage silo by means of a worm conveyor, as shown in
Fig. 18. The oversize material falls into the hopper over the Ring-Roll mill.  The Ring-Roll mill
is provided with a control valve for regulating the fecd.
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The product from the Rimg-Roll mill falls into the circulating clevator, joining that from the
rotary crusher, and is again clevated to the separator.

By this process the phosphate rock is continually circulating in an enclosed circuit, until it is
ground fmely enough to be takon ont by the air separator.

Ihe Lugest Rmg Roll nnll gninding plant in Great Britain is installed at the works of National
Farthizos, Ltd . Avonmouth, and consists of four No. 2 mills, with air separators and all the
NECESSATY ACCESSOTICS

Dust Collecting Reference has been made to the necessity of installing a dust-collecting plant,
In addition to the value of the dust recovered, there are the advantages of increased efficiency and
economies m upkeep of the grinding machinery.

‘The dust it allowed to escape, gets into the bearings, interferes with smooth running, and accounts
for unnecessary wear and tear.

Refering to I7g. 18, it will be observed that pipes are connected to the various machines where
dust is likely to escape. These pipes are connected to an automatic dust filter and fan. This fan
produces a draught sufficient to collect the impalpable dust (which ordinarily would be wasted) at
the various points on the machmes where dust is produced,
and conveys it to a suction filter.  The fan withdraws the
dust-laden air through the filter, where the dust 1s arrested
and collected, and the clean air is exhausted to the
atmosphere. The suction fan is made of steel plate, as
shown in Iag 19, and the volumetric capacity is designed
to suit the grinding capacity of the plant.

I1g. 20 shows an automatic filter in general use at
superphosphate works,  In this apparatus the cabinets are
square in form, and cach contans nine sleeves.  These are
held taut i the working position, and the shaking mec-
hanism 15 so arranged that when the sleeves are allowed to
fall slack a compression spring brings them back again to
the normal position with a sudden jerk, which is eftective
mn dislodging the dust. The operating mechanism is of
simple design, and use is also made of atmospheric air in
giving a reverse current through the sleeves during the
time they are being shaken.

This type of filter requires about 1 h.p. to operate it,
and it is possible to collect from a two-cabinet machine,
which is the smallest unit, 5 to 6 cwt. of dust per day
of eight hours. Without a dust-collecting plant approxi-
mately this quantity of impalpable powder would escape
and constitute a nuisance.

The dust collected in the filter hopper is generally
conveyed to the “fines”” storage silo by means of a worm
conveyor. . .

Fie. 17.—AIR SEPARATOR CUT TO
SHOW INNER WORKING PARTS

The Ravmond svstem of grinding.—In Raymond plants the pulverising and separating of the
fine materal by air are combined in one complete umt.  The machines comprising this system are
so mterdependent and unchangeable that it 1s hardly possible to describe the grinding mill without
continual reference to the separating equipment.

The gundmg mill and separating plant are really one complete machine and indeed must be
regarded as such for the purpose ot deseription.

Ing. 21 shows a Raymond mull and cyvelone collector.

As will be seen from the illustration, mechanical elevators are entirely eliminated.

The Ravmond toller mills erush and pulverise the phosphate rock by gravity and centrifugal
force.  The manner i which this is accomplished will be understood by referring to Fig. 22.

The phosphate rock, which has been previously crushed to approximately 13-inch cubes, is
fed to the mill from a storage bin through the spout S into the automatic-feeding mechanism . This
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delivers it in the proper quantities to the grinding chamber G. Here it is caught by the manganese
steel ploughs P and thrown up between the rollers R and the grinding ring B. One of these ploughs
is located just ahead of each roller, so that a constant stream of material is forced between the rolls
and ring.

The separation of the finely ground material from the coarser particles is accomplished by the
constant stream of air drawn through the mill by the exhaust fan. The stream of air enters the mill
through a series of tangential openings around the base of the grinding chamber, and passes upward

E
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Fic. 19.-SUCTION FAN

Fic. 21.—RAYMOND MILI. AND CYCILONE
COLLFECTOR

Fic. 20.—AUTOMATIC SUCTION FILTER

around the rollers R and the grinding ring B.
In passing up it carries with 1t the finely pul-
verised material from the grinding chamber
into the separator. The coarser and heavier
particles fall back and are thrown up by the
ploughs P, to be reground until reduced to the
desired fineness. No fine material remains in
the grinding chamber to clog the mill and
prevent continuous operation on coarse mat-
erial.

The operation is entirely automatic * the
operator has only to see that the phosphate
rock is fed to the mill at the proper rate. It
is necessary to keep a considerable amount ot
material in the spout S to reduce the amount
of surplus air entering the mill.

Like the other mills of the ring-and-roll
type already described, there is always a con-
stant stream of material between the rolls and
the grinding ring, which prevents direct contact
between the pulverising surfaces.

The finely ground phosphate rock is with-
drawn from the mill by means of the exhaust
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fan and blown into the cyclone, where it is deposited. The air returns from the top of the cyclone
through the mill.

Where space is limited, the installation may be arranged with the cyclone adjacent to the
mill, or it may be adapted to meet the conditions of any particular plant,.

The coarse material (a) is used for acidulation, and the fine material (b) for direct application
to the soil. Cost data are based on power at 3 cents per kw. hr. and labour at 50 cents per hour.

Phosphates.—Phosphate rock is generally pulverised for one of two major purposes, for direct
application to the soil, or for acidulation with sulphuric acid in the manufacture of superphosphate.
Table 13 gives the data for pulverising phosphate materials in a Raymond five-roller mill equipped
with integral air separation, as previously described on pages 52, 53 and 54.

Throughout the preceding chapters, fineness in the term of mesh has been mentioned a great
many times, yet it may be a confusing term, unless the screen standard is known.

G—Grinding ring

G—Giinding Chamber

F—Automatic feeding
mechanism

P—Manganese steel ploughs

R-—Rollers

S—Spout

Fic. 22.--SECTION OF RAYMOND MILL

There are now three standard scales in common use. In Great Britain there are two standards
in use, known as the I.M.M. sieves and the British Standard sieves.

In the United States of America the Tyler Standard Screen Scale is generally recognised, and has
been adopted as the U.S. Bureau of Standard Screen Scales.

In the United States it is the practice to use a light or medium grade of wire for testing sieves,
whereas in Great Britain, the I.M.M. sieves are made from the heaviest wire it is possible to weave.
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These test screens are nearer to the actual cloth used in screening operations than the Tyler
test screens, but the great objection is that in the I.M.M. series there is no relation or fixed ratio
between the various sieve openings in the series.

The ratio is not a regular one.
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F1e. 23.—~DIAGRAM OF STANDARD SIEVES

Table 15a on next page gives details of the I.M.M. screens.

Fig. 23 will show at a glance the comparative sizes of these different Standard screens.
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TaBLE 13

Iive-Roller Raymond Mill. Capacities, Grinding Phosphate Malerials

Production, tons per hour.

'

90_(3?5% ' Cost for power and
through b) H.P. labour, dollars
60 mesh; 90 -959%, | per ton.
50-559, 200 L
through mesh. 1
200 mesh.! a. b. | a. h
\ |
Algiers . . . . . 7-5 13 —
Arkansas block rock . . . 65 4 15 19 | 049 0-70
Belgium . . . . . 85 - 12 —_
Bohemia (apatite) . . . 65 — 17 — — —_
Canada (apatite) . . . 6 3 18 2 . 0061 0-85
Egypt . . . . . 65 — 17 0 — — —
Florida (pebble) . . . 65 35 7 24 | 051 0-73
Florida (hard rock) . . . 7 4 17 24 048 0-68
Florida (soft rock) . . - 55 — 15 | 042 0-59
fdaho . . . . . 7 4 4 19 | 046 068
Kentucky. . . . . 75 5 12 17 | 042 0-60
Morocco . . . . .8 — 12 — — —
Dacific and I'ndian Oceans : ’
Angaur Island . . ., 85 — 12 — — =
Christmas Island . . . 8 — 12 — — -
Marshall Islands . . . 85 — 12 -— — -
Makatea Island . . .7 — 12 e —— —
Nauru Island . . . . 7 - 13 — — —
Ocean Island . . . . 75 -— 13 - -— -—
Russia (Podolian) . . . 6-5 — 13 — — —
Tennessee (blue rock) . T 45 14 18 0-46 0-65
Tennessec (brown rock) . . 7-5 5 12 17 0-42 0-60
Tennessee (grey rock) . . 8 5 12 17 0-42 0-60
Tennessee (phosphatic limestone) 7 45 14 18 ' 046 | 065
S. Carolina . . . . 65 35 17 24 052 ¢ 073
Tunis . . . . . 8 — 12 —— — —
|

The British Standard Sieve recently adopted by the British Fertiliser Manufacturers is a
compromise between these two.

The Tyler Standard screens increase and decrease throughout the series in a fixed ratio. The
openings increase in the ratio of M2 or 1-414. This ratio was recommended by Rittinger in his work
on ore dressing. Table 14 on the following page gives the complete series.

In 1907 the Committee of Standards of the Institute of Mining and Metallurgy in Great Britain
adopted a sieve series for testing purposes. The main purpose of this series seemed to be the manu-
facture of screens in such a way that the wires could not get out of place, having about 25 per cent
of the screen as opening and the rest dead surface. It was assumed that if the size of wire were made
the same as the screen opening, the wires would remain in position.
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TABLE 14

The Tyler Standard Screen Scale
Ratio M2=1.414

Size of opening. |
| Diameter of wire.
Mesh. Inches.
Inches, Mm.
1-050 26-67 — 0-149
0-742 18-85 — 0-135
0:525 13-33 —_— 0-105
0-371 9-423 — 0-092
0-263 6-680 3 0-070
0-185 4-699 4 0-065
0-131 3:327 6 0-036
0-:093 2:362 8 0-032
0-065 1-651 10 0-035
0-046 1-168 14 0-025
0-0328 0-833 20 0-0172
0-0232 * 0-589 28 0:0125
0-0164 0-417 35 0-0122
0-:0116 0-295 48 0-0092
0-0082 0-208 65 0-0072
0-0058 0-147 100 0-0042
0-0041 0-104 150 0-0026
0-0029 0-074 200 0-0021
TABLE 15a
I.M.M. Standard Laboratory Screcns
!
Mesh, or Diameter of wire. ; Aperture Screening
apertures | area.
per linear ! |
inch, Inches. Mm. 1 Inches. ' Mm. Per cent.
| e o . . I
i
5 01 2540 | 0 | 2:540 25-00
8 0-063 1-600 | 0-062 1-574 2460
10 0-05 1270 1 0-05 1-270 2500
12 0-0417 1-:059 / 0-0416 1-056 2492
16 0-0313 0:795 i 0-0312 0-792 24.92
20 0:025 0-635 ; 0-025 0635 25-00
30 0-:0167 0-424 00166 0-421 24-80
40 0-0125 0-317 ! 0-0125 0-317 25-00
50 0:01 0-254 v 001 0-254 25-00
60 0-0083 0-211 0-0083 0-211 24-80
70 0-0071 | 0-180 : 0-0071 0-180 2470
80 00063 | 0160 00062 0-157 2460
90 00055 | 0139 . 00055 0-139 24:50
100 0-005 l 0-127 i 0-005 0-127 25-00
120 0:0041 0-104 © 00042 0-107 25-40
150 0-0033 | 0-084 : 0-0033 0-084 24-50
200 0-0025 0063 ' 00025 0-063 25-00
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The following Table gives details of the British Standard screens which are the latest to be adopted:

TABLE 15B

British Standard Screens

Aperture, Diameter of wire. Approx.

h{{ﬁjh — S [ - SW.G,  Sereening

Inch. Mm. Inch Inch. Mm. per cent.
300 -0021 -053 1/480 0012 030 49 41
240 -0026 -066 1/400 ‘0016 041 48 38
200 -0030 076 1/333 -002 -051 47 36
170 0035 -089 1/288 0024 ‘061 46 35
150 ‘0041 -104 1/240 -0026 066 453 37
120 -0049 124 1/200 -0034 -086 434 35
100 -0060 152 t 1/168 004 102 42 36
85 0070 178 , 1/144 ‘0048 122 40 35
72 0083 211 1120 -0056 142 38} 36
60 -0099 251 ' 1/100 0068 173 37 35
52 ‘0116 -295 1/84 0076 -193 36 37
44 0139 353 1/72 0088 224 | 344 38
36 ‘0166 422 1/60 ‘0112 284 314 36
30 ‘0197 -500 1/50 0136 -345 29 35
25 0236 -599 ! 1/42 ‘0164 417 27 35
22 0275 699 “ 1/36 ‘018 457 26 36
18 ‘0336 -853 1/30 022 -559 24 36
16 0395 1-003 1/25 023 -584 | 234 40
14 0474 1-204 | 1/21 ‘024 010 | 23 44
12 ‘0553 1-405 1/18 -028 711 ( 22 44
10 0660 1-676 1/15 034 -864 l 20% 44
8 0810 2:057 1/12 ‘044 1-118 l 18% 42
7 0949 2411 ‘ 1/10 048 1-219 \ 18 44
0 1107 2-812 1/9 056 1-422 ' 17 44
5 1320 3-353 1/8 068 1-727 " 15% 44
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CHAPTER V
MANUFACTURE OF CALCIUM SUPERPHOSPHATE—MIXING PLANT

N the carly days of the superphosphate industry, the mixing of ground phosphate rock with
sulphuric acid was carried out in a very primitive way.

The den consisted of a rectangular pit, usually made of brickwork. A measured quantity
of sulphuric acid was run mnto the den. Meanwhile, the phosphate rock had been weighed
and brought to the side of the den.  While this was being shovelled in, men agitated the mass

with rakes until it stiffened.  Modern methods, which are subsequently described, are entirely different,
duc to the progress which has been made in chemical engineering.

It is necessary to describe firstly the mixing equipment for the batch tvpe of den, as many of these
are still in use, and later describe the process which is used with continuous type dens.

In the batch system the phosphate rock and acid are usually weighed, although in many factories
the acid is measured in a graduated tank.

Two methods are employed for measuring the acid, but
they have this fault in common—accuracy depends upon
the operator and not upon the machine.

In some works a tank built of wood and lined with
lead is used. There is a partition in the middle which does
not extend to the top, thus making two tanks side by side,
which hold about 6 cwt. of acid each. The acid pipe comes
down to a point just over the partition at one end of the
tank, and a swivel-cock is fitted on the end of the acid pipe
whicht allows the acid to flow into cither division of the tank.
On one side of each division there are graduated marks to
register the quantity of acid. Should the operator onut to
notice that the correct amount of acid has flowed into the
tank, it will only rise to a certain level above the mark,
when it flows over the partition into the other tank. This
might be termed a safety device.  Each section is used alter-
nately. There is a plug-valve in the bottom of cach section
to regulate the outflow, and these are operated by levers on
the top.

Fig. 24 shows an acid-measuring device of this descrip-
tion.

In the United States of America they mix large
quantities of sulphuric acid and phosphate rock at one time.
Their mixers usually take approximately one ton of each.
Their acid-measuring tanks are therefore larger than those generally used in England, and they
measure in a different way.

Fic. 24.—ACID MEASURING TANK

From the bottom of the tank a lead pipe is carried out to a convenient distance, and then a gauge-
glass fitting is connected to this pipe.  As the acid rises in the tank it also rises in the gauge glass, and
as the latter is marked to indicate the quantity in the tank, the operator watches the glass to determine
when to shut off the acid valve.

This system does not ensure complete accuracy, because a slight error in vision is multiplied many
times in the acid tank.
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Acid Weighers—A semi-automatic acid-weighing scale made by the Sturtevant companies of

Engiand and America is the latest device of this kind, and eliminates any chance of error on the part
of the operator.

A diagrammatic view of the machine is given in Fig. 25.

|

 LEAD
LINING.

A
;[sl

CONNECTION/:
TO0 MIXER. |
Fic 25—STURTEVANT SEMI-AUTOMATIC ACID WEIGHER. DIAGRAMMATIC VIEW ‘

It consists of an ordinary platform-weighing scale with the acid tank fixed on the weig'hir.u;
platform. The main acid supply pipe is shown entering at right-angles, with a cut-off valve within
reach of the floor. The vertical stand pipe is of sufficient height to reach above the level of the acid
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in the storage tank, and prevents overflowing when the main valve is open. The valve which controls
the flow of acid into the weighing tank is situated below the junction of the main supply pipe and the
vertical pipe. This valve is operated by the horizontal lever, which engages with the tappet rod secured
to the valve. Just above the horizontal lever at one end is fixed a strong electro-magnet.

The electric circuit which excites the magnet is controlled by the movement of the scale beam.
Underneath the weight carrier, two insulated rods are fixed which have their points dipping into two
mercury pots. When the acid tank is empty the scale beam is in its lowest position, and the rods
are dipping in the mercury and the electric circuit is “made,” which excites the magnet.

At the commencement of the mixing operations let us assume the acid bowl is empty. The rods
will then be in the mercury, and as soon as the main switch is closed, the electric circuit being complete,
the magnet will become “excited.” The horizontal lever 1s lifted up to the magnet which holds it,
and in this position the valve is open and the acid flows into the tank. As soon as the quantity of
acid flows into the tank to make the weight for which the scale is set, the scale beam begins to rise,
bringing the rods out of the mercury. Immediately they are out the circuit is broken, the magnet
releases the lever which is holding up the valve, and the latter drops on its seat, cutting off the supply

Fic. 28.—SIMON PHOSPHATE WEIGHING
SCALE

Fic. 27.—BAKEMA SEMI-AUTOMATIC
WEIGHER

of acid. A coloured lamp is fixed in the circuit, which enables the operator to tell at a glance when the
next charge of acid is ready for the mixer.

The plug-valve in the bottom of the weighing tank is operated by hand, by means of the lever
shown on top of the tank.

When the charge has passed into the mixer, the operator closes the plug-valve, lifts the horizontal
lever up to the magnet, and the operation commences over again.

I'ig. 26 shows another view of the apparatus.

Phosphate Weighers—Weighing machines of various types are used for weighing the ground
phosphate rock. '

The Bakema semi-automatic weigher is illustrated in g 27.

It is a simple balanced scale. Weights correspondig to the charge of phosphate are placed on
the two carriers on the right. The container is cylindrical in form, with valves at the top and bottem.
As soon as the charge of phosphate has passed into the contamer, and the latter begins to deflect, an
automatic device shuts off the supply valve at the point of balance. The discharge valve is operated
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by hand, and when the container is empty the inlet valve is again opened by the hand lever shown.
The container is built in the form shown, to facilitate the flow of ground rock, which has a tendency
to adhere to angular corners if it is slightly damp.

The Simon phosphate weighing scale is illustrated in Fig. 28, and is automatic in operation. It
is designed for weighing 2 cwt. batches.

This machine is usually mstalled as shown in Fig. 29. Tmmediately above the scale there is a
small storage hopper which liolds approsmmately one ton of ground phosphate. This hopper 1s fed
by a “fines” clevator, which brings the ground phosphate from the large storage silo.  Two valves
control the flow of phosphate from the hopper to the scale.  One controls the full stream until the

Fig. 20.—AUTOMATIC PHOSPHATE WEIGHER WITH FEED
HOPPER

container 1~ neatly full, when the second valve comes into operation and allows only a fine dribble
to pass, which is immediately cut ott when the scale balances. At the same instant the discharge
valve is automatically opened, and the weighed charge of phosphate 15 emptied into a hopper
immediately below.  Three charges are held n this hopper, and then passed into the mixer.  When
the scale container has emptied, the discharge valve automatically closes and the inlet valve opens,
and the operation commences again - There is a lever on the side of the apparatus to stop the discharge
11t 1S not convenient to take the batch at the moment it is weighed.

The weighings are 1egistered by a recording counter, so that it is possible to tell at any time the
amount of phosphate that has passed through the scale.  This machine, if properly fed from the hopper
above, will weigh and discharge at the rate of 16 tons of ground phosphate per hour.
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Weighing machines with automatic cut-offs have an advantage over hand-operated devices, in
that the weights can be depended upon. There is no “hit or miss” closing of the valves at the correct
moment, which is always liable to occur when operated by hand. There is accurate chemical control.
Once the respective weights of acid and ground phosphate have been determined, the works chemist
can depend upon the resultant mixture.

Superphosphate Mixcrs.--There are two types of superphosphate mixers in use to-day—uvertical

and horizontal. In Great Britain both types are in use, whereas in the United States of America
mixers of the vertical type are used almost exclusively.

Vertical mixers are not all alike. The British pattern is mounted with one vertical shaft. The
American pattern has usually two.

One of the simplest forms of vertical mixer is shown in Fig. 30. [t consists of a cast-iron pot
with an outlet opening in the bottom sealed with a plug-valve. The pot is covered with a dome-shaped
casting, which carries one of the bearings for the vertical shaft. In this dome-shaped cover there arc
three openings. They are: (1) a rectangular opening for the ground phosphate to enter, (2) a 3-inch

diameter opening for the acid pipe, and (3) a 9-inch square opening for the discharge of the toxic
gases.

Fic. 30.—VERTICAL SUPER PHOSPHATE MIXER

The vertical shaft is made of wrought iron. Cast-iron gates, securely bolted together, grip the
shaft. These act as stirrers, and mix the phosphate and acid together. The vertical shaft is driven
through bevel gearing, and revolves at a speed of between 20 and 40 revolutions per minute.

The outlet valve is controlled by the hand lever, which projects through the floor above, and is
within reach of the operator.

The operation is quite simple. The weighed or measured batches of phosphate and acid are
passed into the mixer and are at once agitated by the stirrers, which continually revolve. After the
lapse of a few minutes (because the chemical action takes place quickly), the operator lifts the vertical
lever and opens the outlet valve, when the contents are quickly discharged into the den immediately
below. The valve is closed, when the mixer is again ready for the next charge.

Another mixer of the vertical type is shown in Fig. 31, and is manufactured by R. Moritz of France.
It is characterised by a special type of agitator. This comprises a series of inclined teeth, which cut
the mass in two directions nearly perpendicularly. There are two points of discharge, so that a mixer
of this type may serve two dens. It is designed to take a charge of approximately one ton. There
are two outlets for the escape of gas, and these are connected direct with the dens, as shown in the
illustration.
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In the United States of America vertical mixers of the shallow type are generally usgd, and they
are built to mix large batches. The pan is mounted on ball-bearings, and revolves at a suitable speed
to enable the ploughs to stir and agitate the mass thoroughly.

Fig. 32 shows the standard type. )

There are two stirrer shafts, working in opposite directions, on cither side of the centre line, with
the plug-opening in the centre,

The usual charge consists of approximately 3,700 1b. of rock and acid, and the mixer can be run
regularly at the rate of from 15 to 18 mixes per hour.

T
1
1
]
1
:
i
n

Ist Den. 2nd Den

Fi6. 31.—-MORITZ VERTICAL MIXER

They are generally driven by a 15 h.p. electric motor, and the maintenance and repairs to the
mixer amount to about £30 annually, (1938).

In the United States of America they estimate the life of the mixing equipment, including dust
and acid scales, hoppers, etc., at fifteen years.

These machines are of very heavy design, as in the larger works one of these mixers may have to
produce approximately 300 to 400 tons of superphosphate per day.

In some of the American works two of these mixers are mounted on a movable platform, which
also supports two phosphate scales and two acid measurers, as shown in Fig. 33. This platform travels
over a series pf fixed vertlcgl‘den.s, each holding 200 to 300 tons, and makes its own seal with any
of them. This system of mixing is confined to America, and particularly to the largest works, where
the outputs range from 500 to 1,000 tons per day of twenty-four hours.
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Horizontal mixers have been in use for some considerable time. A modern type is illustrated in
Fig. 34. It consists of a cylindrical drum supported on trunnion bearings, and is frce to revolve.
An opening is provided along two-thirds of its length for charging and discharging. A cast-iron shaft
passes through the centre of the drum, on which are mounted a series of stirrers, which continually
revolve whilst the process of mixing is proceeding. The charge of phosphate and acid is passed into
the mixer, the drum is then slowly rotated, when the contents are discharged into the den.  To enable
the operator to watch the rotation of the mixer drum, and stop it when the inlet opening is central
with the feeding chute, a tell-tale indicator is situated on the mixer floor. The combined charge is
12 to 16 cwt. of phosphate and acid.

Chemical Aspect

Having completed the treatment of the purely mechanical aspect of mixing plants, it will be
appropriate now to deal with the chemical aspect, relating to this operation. The first consideration

Fic. 32.—STANDARD TYPE OF MIXER USED IN THE U.S.A.

which arises is, what quantity of acid must be used per unit weight of ground rock phosphate if a
satisfactory product is to be obtained, having a maximum water-soluble phosphate content, together
with the other requisite physical properties which a good superphosphate should possess ?

It is pointed out later in this chapter that a trial-and-error method is sometimes adopted in order
to determine the proportions of sulphuric acid and ground phosphate for a given batch.

Whatever may be the merits of such a method, experience has revealed the need initially for the
acid requirements to be computed on the basis of the analysis of the raw phosphate.

After a trial mixing has been cffected, based on the proportions afforded by such a computation,
the product should be allowed to mature. This only involves a duration of a few days, if adequate
time contact has been given in the mixing plant and the mixing has been efficient.

Subsequently, a determination of the moisture, water-soluble and water-insoluble phosphates,
and free phosphoric acid contents, should be made, and dependent on these results the acid required
should be adjusted, to ensure the best possible product, when regarded from the chemical and physical
points of view.

It must be recalled that raw phosphates vary very appreciably, not alone as regards physical
characteristics, but in point of chemical composition.
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Fig. 33.—MIXER MOUNTED ON A MOVABLE PLATFORM

Obviously, one must know the principal constituents of the rock phosphate which it is intended
to use before one can compute the amount of acid which will be required per unit weight of phosphate
employ ed.

Given an analysis of the principal constituents, it is not a difficult matter to calculate the quantity
of <ulphuric acid, of varying specific gravities and temperatures, which will be required for admixture
with a umt weight of phosphate rock.

The following tables, 1t 1s hoped, will be found of use in admitting of a recady determination of
the weight of acid required for a raw phosphate of a given analysis.

Fio. 34.- S1URTLVANDT HORIZONTAL MIXER
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Table 14, which is subjoined, relates to the quantity of sulphuric acid, of strengths ranging from
106° Tw. (50° Bé.) to 122° Tw. (54-7° Bé.), and of temperatures ranging from 15-5° C. (60° F.) to 60°

C. (140° F.), required per unit weight of tricalcium phosphate.

Tables 15, 16 and 17 similarly deal with the calcium carbonate, iron and alumina, and calcium
fluoride and sodium chloride contents of raw mineral phosphate, and furnish the acid equivalent
per unit weight of the several constituents.

Tables showing the quantity in pounds, of sulphuric acid of various strengths and temperatures, required
Jor every pound of the following substances in 100 lb. of phosphate rock

(1) Tricalcium phosphate.

(ii
(iii

)
)
)

Calcium carbonate.
Iron and aluminium oxides.

(iv) Calcium fluoride and sodium chloride.

TABLE 16
Tricalcium Phosphate

Temperature.

Density in Degrees Twaddell and Beaumé.

f 106 Tw. | 108 Tw l 110 Tw. | 112 Tw. | 114 Tw. | 116 Tw. | 118 Tw. | 120 Tw. | 122 Tw.
°F. | °C. 50-0B. | 506 B 51-2 B. 51-8 B. 52-4 B. 53-0 B. 53-6 B. 54-1 B. 547 B.
|
60 155 1-010 0-996 | 0-983 0-970 0-957 I 0-945 0-932 0-920 0-908
70 211 1-003 0990 ' 0977 0963 0951 ‘ 0-938 0-926 0914 0-902
80 266 0-996 0983 ' 0:970 0-957 0945 | 0-932 0-920 0-908 0-897
920 32:2 0990 . 0-977 | 0-963 0-951 0938 | 04026 0-914 0-902 0-892
100 377 0-983 0-970 | 0957 0-945 0-932 ' 0-920 0-908 0-897 0-887
110 43-3 0-977 0963 1 0951 | 0-938 0926 | 0914 0-902 0-892 0-882
120 48-8 0-970 0-957 . 0945 = 0-932 0-920 l 0-908 0-897 0-887 0-877
130 544 0-963 0951 | 0-938 0-926 0914 0-902 0-892 0-882 0-872
140 60-0 0-957 0-945 i 0-932 0-920 0-908 J 0-897 0-887 0-877 0-868
TaBLE 17
Calcium Carbonale
T'emperature. Density 1in Degrees Twaddell and Beaumé.
106 Tw. 108 Tw. | 110 Tw. ‘ 112 Tw. | 114 Tw. | 116 Tw. | 118 Tw. | 120 Tw. | 122 Tw
°F. “C. 50-0 B. 50:6 B. 51-2B. | 518 B. |52:4B. 53:0B. | 536 B. 541 B. 547 B.
|
60 | 155 1:56 1-54 i 152 | 1-50 1:48 1-46 1-445 1-43 1-41
70 | 211 1-55 1-53 ' 1-51 1-49 1-47 1-45 1-44 1-42 1:40
80 266 1-54 1-52 1-:50 1-48 1-46 1-445 1-43 141, 1:39
90 322 1-53 1-51 ‘ 1449 ' 147 | 145 1-44 1-42 1-40 | 1-385
100 377 1-52 1-50 148 146 1-445 1-43 1-41 1-:39 . 1.38
110 433 1-51 149 147 145 | 144 1-42 1-40 1-385 | 1-37
120 48-8 1-50 148 ' 146 1445 | 143 1-41 1-39 1-38 1-36
130 54-4 1-49 147 | 145 | 144 | 1:42 1-40 1-385 1-37 1-35
140 60-0 1:48 146 | 1-445 | 143 | 141 1-39 1-38 1-36 1:345
i |
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TABLE 18

Iron and Aluminium Oxides

Temperature. \ Density in Degrees Twaddell and Bedaumé.

106 Tw. | 108 Tw. | 110 Tw. | 112 Tw. | 114 Tw. l 116 Tw. | 118 Tw. | 120 Tw. | 122 Tw,
°TF. °C. 50-0 B. 506 B. 51-2 B. 51-8 B. 524 B. } -0 B. 53-6 B. 541 B. 54-7 B.

1

60 15-5 3.58 353 3-49 344 3-39 335 3-30 3-26 322
70 21-1 3:56 3-51 3-47 342 3-37 3-32 328 324 3-20
80 266 353 349 344 3-39 335 330 326 322 3:18
3-15
313
311

90 322 3-51 347 342 3-37 3-32 328 3-24 3:20
100 377 | 349 344 3-39 335 3-30 326 322 3-18
110 | 433 347 342 3-37 3:32 3-28 3-24 320 315 3
120 | 488 344 3-39 335 3-30 3-26 322 318 3-13 3-09
130 | 544 342 3.37 332 3-28 3-24 ‘15 311 3-07
140 | 60-0 3-39 3-35 3-30 3-26 322 8 313 3-09 3-04

TABLE 19

Calcium Fluoride and Sodium Chloride

Temperature. Density in Degrees Twaddell and Beaumé.
.- . - - S — S ~
106 Tw. 108 Tw. | 110 Tw. | 112 Tw. | 114 Tw. 116 Tw. . 118 Tw. | 120 Tw. | 122 Tw.
°F. R OF 500 B. ' 506 B. 51-:2B. | 51:8B.  5248B. 53-0 B. 53:6 B. 541 B. 547 B.

60 155 2:20 2:27 2:24 2:20 2:17 214 21 2:08 2:06
70 211 2:28 2:25 2-22 219 216 213 210 2-07 2-05
80 266 2:27 224 2:20 217 214 211 208 2-06 203
90 322 2:25 2:22 219 216 213 210 207 205 2-02
100 377 2:24 2-20 217 2:14 2111 208 2:06 2:03 2:01
110 43-3 222 219 216 213 210 2-07 205 2:02 1-99
120 488 = 220 217 214 21 208 2-:06 2-03 201 197
130 544 219 216 213 210 207 = 205 202 1-99 1-95
140 60-0 217 2:14 211 208 2:06 203 201 1.97 1-94

Explanation of the Tables

I. One molecule of tricalcium phosphate absorbs two molecules of sulphuric acid, according

to the following equation :
CayPy04+2H,S0,==CaH,P,04-+2CaS0,
310 2x98
196

Therefore 196 Ib. of monohydrate sulphuric acid will be required for 310 1b. of tricalcium phosphate,

or 1 1b. of phosphate will require
196

%10 =0-633 1b. of acid.
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Sulphuric acid of 112° Tw. density at 60° F. contains 65-2 per cent of monohydrate acid, so that the
quantity of acid of this strength that will be required is
0633 x100 _
65.2 =0-97 Ib.

Since the temperature of the acid affects its density, it is necessary to take this into account when
making these calculations. For example, acid of 112° Tw. at 110° F. is equivalent to acid of 117° Tw.
at 60° F., because over this particular range the density decreases 1° Tw. for every 10° IV, rise in
temperature.

Acid of 117° Tw. at 110° T. contains 67:4 per cent H,SO,.

Thercfore 0'638:;>;100 =0-938 1b. of acid of this density and temperature will be required for

every Ib. of tricalcium phosphate.

Table 16 shows these quantities for any density between 106° and 122° Tw., and for any
temperaturc between 60° F. and 140° I,

II. Similar data for calcium carbonate are given in Table 17.  Sulphuric acid reacts with calcium
carbonate to form calcium sulphate, water, and carbon dioxide. Thus:
CaCO4+ H,50,=CaS0,+H,0+-CO,.
100 98
From the molecular weights it will be seen that 0.98 Ib. of monohydrate acid is required for 1 1b.
of calcium carbonate. Assuming that acid of 112° Tw. at 110° IV, were used, then the quantity would be

098 x100 _ 7
- =1-451b.
67-4 4

III. Table 18 is based on the assumption that iron and aluminjium oxides occur in equal pro-
portions, and that the following reactions take place :

Fe,04-1 3H,80, ~Fey(SO,) s+ 3H,0,

160  3x98
AL O;+-3H,50,=Al,(S0,);+3H,0.
102 3x98
Therefore 16-0;102 =131 Ib. of these oxides would absorb 3x98=294 Ib. of monohydrate
sulphuric acid, or 11b. would require fzi =2:24 1b.
Using the same example as in the previous calculations, i.e. acid of 112° Tw. at 110° ., then
2:24x100 33,11
674 ’

1V. Table 19 shows the quantity of acid absorbed in decomposing calcium fluoride and sodium
chloride. Since these compounds usually occur only 1n comparatively small amounts, it is assumed
that they exist in equal proportions. The following calculation shows the basis of the figures :

NaCl+H,S0, =NaHS0, +-HCl,

585 98
Calf, -+ H,80, =CaSO, +-2HF.
78 98
(1 7 6825,
98

(2) 6825 = 1436 1b. monohydrate sulphuric acid per Ib. of an equal mixture of calcium fluoride
and sodium chloride.

3) ]—:'f‘%%lo? —213 Ib. of 112° Tw. acid at 110° F.
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An example of the application of the foregoing tables to a typical mineral phosphate is given
below. Its usefulness does not need to be urged.

TaBLE 20

Percentage.  Acid of }

Gafsa phosphate. i 114° Tw.
| at 100°
| F.
|
l
Calcium phosphate . . . 5944 X 0932 =|55-39
Calcium carbonate . . . 1195 x 1-445 =|17-265
Iron oxide and alumina . . 168 x 33 =| 5544
Calcium fluoride and salt ; 5:10 x 2:11 ==/10-76
] e
| 88-959
|
|
Magnesium (Mg.) 580 (say) 2:900
1

101-859

representing the Ib. of sulphuric acid of 114° Tw. at 100° I. required per 100 1b. of Gafsa phosphate.
Actually, the fertiliser manufacturer, No. 161, Table 21, used 92-5 parts of acid of the strength
and temperature named, per 100 parts of the said Gafsa phosphate.

This indicates how closely the calculated figure can approach the one which continued practical
working reveals to be the best from the standpoints of physical and chemical suitability.

Our experience has brought us into touch with many fertiliser works, where we have had an
opportunity of investigating working conditions and peculianties of practice. The following table
(21) represents the mixing details at various works, and is additionally helpful in that, in most cases,
the fineness of the raw phosphate, the temperature and strength of the acid used, the type of den,
whether slicing is effected or not, particulars of how the samples were drawn, and the analysis in terms
of moisture, total P,0;, water-soluble and water-insoluble phosphates, and free acid are all indicated.

Practical notes relating to mixing, and control of this unit process

There is still a consensus of opinion, as has already been observed, that trial mixings on a definite
works scale arc essential to a correct determination of the nature of the mixing.

That these trials would be more valuable if they were correlated from several points of view is
generally conceded. Complete screening tests of the phosphate rock, so as to give some definite
indication of the particle size, with strengths and temperatures of the acid used, together with a
continuous record of the temperature of the gases evolved immediately above the mass in the den,
with particulars relating to the rate at which the product matures (involving, as it does, an analysis
of the free acid, water-soluble and water-insoluble phosphates, and water contents of the material
immediately it is discharged from the den, and then each twenty-four hours afterwards, until some-
thing approaching a constancy of composition is reached), when correlated, would furnish information
of inestimable advantage.

It should be remarked here that it is always advisable so to regulate the “mixing’’ as to leave a
little calcium phosphate unattacked. This means a certain loss of efficiency, and newer methods may
impose a modification of this view. i

The above method is recommended. It may appear an onerous job, but it is certain that the
possession of such data would be of material service in tracing subsequent dislocation in manufacture.
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Although applicable to many varieties of phosphates, such a method would be useless with certain
mineral phosphates, especially some of the apatite variety, because the operation is sluggish, the mass
becomes pasty, the acid attracts moisture, and this enfeebles the reaction. Nothing but an unsatis-
factory quality of superphosphate can result.

With such raw materials it is essential that another type of procedure should be pursued. Some
indication of the behaviour of such a mineral phosphate can be afforded by treating the phosphate
with sulphuric acid in a suitable vessel with carefully regulated stirring, which must be less rather than
more than that actually given in normal practice. The vessel containing the mass should be allowed
to stand for twenty to thirty hours in a warm place. It must be hermetically sealed.

Depen dent on the condition of the mixture after the elapse of the time named, a judgment can
be formed as to what may be anticipated in actual practice. If, for example, the mixture is in a reason-
ably dry condition, it can usually be concluded that solidification and drying will be better on a large
scale.

It is necessary to exceed the calculated quantity of sulphuric acid with fluoride phosphates.
This has been emphasised by the treatment of Kola phosphate—an apatite—and what has been
demonstrated is that the complete decomposition of the apatite takes months.

Generally speaking, the richer the raw material is in tricalcium phosphate the less should be the
excess quantity of acid used, as in the absence of iron oxide and alumina, or silicates, there is little
prospect of any extraneous body absorbing the excess acid.

Raw phosphates which are damp or moist, as indeed those which are difficult of attack, require
stronger acid than those which are dry and rich in calcium carbonate. Somme and Algerian phosphates
are rich in calcium carbonate and hence require more acid. But it is unusual to employ a greater
excess than 5 per cent of the computed quantity. Phosphates such as the last named, rich in carbonate,
are best worked with cold acid, whereas those which are poor in carbonate should be treated with hot
acid.

The preservation of water-soluble phosphate in superphosphates appears to be dependent in some
degree on the strength of the acid used. At all events, sulphuric acid of 120° Tw. appears to contribute
to optimum preservation, whereas a certain instability is noted with acid of 106° Tw.

It must not be assumed that all the tricalcium phosphate in mineral phosphates is rendered com-
pletely soluble by the action of sulphuric acid. Such a hypothesis cannot be supported by actual
experience. There is always a certain amount of insoluble phosphate present, and the extent of this
depends on many factors, not the least of which is the quality of the raw phosphate used. The sensible
extent to which iron oxide and alumina absorb acid is strikingly shown in Table 18 (p. 70). Little
wonder that superphosphate manufacturers are averse from raw phosphates containing any appreciable
percentage of these constituents. Apart from this, there are other reasons for discountenancing
the use of a raw phosphate having an undue content of iron oxide or alumina. This aspect is suitably
treated under reversion.

Formerly, one advised that the dens should not be filled brim full, but should allow of a vacant
space at the top as a means of regulating the toxic gases which are withdrawn under suction. With
modern dens this practice still obtains. The decomposition of the phosphate takes place partially
in the mixer, but is completed in the den, and occasional agitation of the mass there, and the use of
heated air for drying, may be a step in the right direction. With cold acid the reaction is sluggish,
whereas with hot acid it is conceivable that the mass may thicken too readily. Any such condition
can, of course, be avoided in subsequent mixings by using a more dilute acid.

The rapidity with which carbon dioxide is disengaged causes effervescence, and temperatures
in the mass ranging from 110° to 140° C. are reached. The mass settles in the den slowly. To
maintain its mobility hitherto calcium carbonate and a little magnesium carbonate were used. In
this way greater quantities of water were evaporated, besides which, due to the formation of crystallised
magnesium sulphate, an additional desiccating action resulted. It is certainly contrary to modern
practice to use dryers in the den. Advantage should be taken of the available heat of reaction for
the evaporation of all unnecessary water.

The temperature of the mass within the den, or autoclave, is a function of the pressure obtaining,
and the degree to which heat is conserved. The duration of mixing is a matter of importance. This
has been revealed by the introduction of the Broadfield process, where the mixer is of a unique kind,
and where the duration of mixing is appreciably longer than has hitherto been regarded as necessary
in this country.
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All new processes stress the necessity for longer time contact and completion of the essential
reactions occurring in the decomposition of phosphate rock. But the modern Nordengren process
(page 90) disturbs this conception, because the time factor in the mixer is 2 to 5 seconds, in the
solidifying vessel 5 to 20 minutes and in the chamber 1 to 3 hours.

The method of grinding, and the relative proportions of fine powder to coarse material, obviously
influence the conversion of tricalcium phosphate to the water-soluble form. A too great fineness
leads to an unsatisfactory physical condition in the final product. It must be remembered that a
certain granular structure is necessary for acid penetration. Raw phosphate which is too coarse
cannot be attacked satisfactorily by the acid, and it will be found that there is much water-insoluble
phosphate.

With the improved systems of grinding and mixing which have been introduced during the last
few years, it is possible to reduce the insoluble calcium phosphate to 0-5—0-7 per cent. Prior to the
introduction of these new systems, it was not uncommon for one to find as much as 2 per cent of
insoluble tricalcium phosphate, Ca,P,0,.

Endeavours to produce water-soluble phosphate by the action of a mixture of sulphuric acid
and hydrochloric acid and raw phosphates have been made, but the presence of free hydrochloric acid
was not only a disability from the point of view of attack on the bags, but corrosion of metallic parts
was another collateral defect. Moreover, it must be remembered that hydrochloric acid is much
more expensive than sulphuric acid.

Commercial Calcium Superphosphate

This product is manufactured and sold in various grades containing from 10 to 21 per cent of
phosphoric acid (P,0;), dependent on the quality of the rock phosphate employed. Generally speaking,
the water-soluble phosphoric acid content of superphosphate is rather more than 50 per cent of the
insoluble phosphoric acid content of the phosphate rock from which it is derived. Where the combined
oxides of iron and alumina exceed say 1-5 per cent, reversion of some of the water-soluble phosphoric
acid will occur, and the foregoing statement will need to be qualified.

The sale of fertiliser products is controlled in Great Britain under the Fertiliser and Foodstuffs
Act passed 1n 1926, and Statutory Rules and Orders, 1932, No. 658. It is true to say that practically
all the countries of the world have similar legislation: practice varies regarding the solubility
guarantecd.

Water-solubility only is the basis in some countries, whereas water and citrate solubility constitute
the bases of sales in other countries (sce list below).

Solubility Guaranteed.

Water-solubility. Water and citrate-solubility.

Austria, Belgium, Czechoslovakia, Denmark, | Estonia, Ifrance, Greece, Italy,
Finland, Germany, Great Britain, Holland, Portugal, Roumania, Spain,
Hungary, Jugoslavia, Latvia, Norway, Sweden, United States and
Poland, Switzerland, South Africa, India, North Africa.

Ceylon, Japan, Australia and New Zealand.

What is known as 30 per cent superphosphate is a fertiliser containing 30 per cent of phosphate
calculated as tribasic phosphate, which has been rendered by treatment soluble in water. Citrate-
soluble and insoluble are excluded by English practice. A 30 per cent superphosphate would
contain the following equivalents :

(a) 30 per cent, expressed as CazP,04
(b) 22-6 per cent, expressed as CaH,P,04
(¢) 13-74 per cent, expressed as P,O;
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The molecular weights of the three foregoing are :

(a) CayzP,04 . . . 310234
(b) CaHP,05 . . . 234-0852
(c) P,Os . . . . 141-964

Therefore, the factors for the conversion of P,0, and CaH,P,05 to tribasic phosphate, Ca;P,0,
are respectively 2-185 and 1:326.

Calcium superphosphate which has been carefully prepared should not contain more than
10 per cent of water : in fact, 8 per cent would be preferable, and possibly 4 per cent will be the
content in granulated superphosphate. Dicalcium phosphate should never be absent—indeed, the
quantity of the last-named compound should be approximately equal to the free phosphoric acid
present in the superphosphate. The mono- and dicalcium phosphates should largely exist in the
hydrated form, and the calcium sulphate should exist largely as such. The presence of any hemi-
hydrate or dihydrate is indicative of old material, or represents “super’” prepared with insufficient
sulphuric acid.

Ideas concerning what superphosphate should be are changing. In the near future, perhaps
any superphosphate which yields to light pressure between the fingers will be regarded as of
unsatisfactory condition. Conceivably, farmers and others will look for a hard granule, ranging
from 1-5 to 4 mm. in size, and will call for uniformity of size, within limits. At all events, this
predicts the direction in which advance of technique and improved requirements are inevitably
leading us.



CHAPTER VI
MECHANICAL DENS AND ExcavaTorRS—BATCH TYPE

NE of the first mechanical dens of this type to be invented was known as the  Wenk * ;

this den is still very popular in France, where many are in use. It consists of a brick

encasement built in the form of a horizontal cylinder, which gives to the apparatus the

desired stability, and enables it to be lined internally with acid-proof lining, or to be

constructed of any material having the required resistance. Along the bottom of the
den there is a slot-opening, between the rails on which the excavator carriage travels.

Fig. 35 shows two ‘“ Wenk ” dens side by side with one common mixer. There is an opening
near the top of the den in the centre of the length, which admits the liquid mixture. The opening
along the bottom is closed when the den is being charged. The end of the den adjacent to the
excavator is sealed with a door, which is lifted up out of the way when the mass is ready to be cut
out.

The apparatus for the mechanical discharging of the den consists of a carriage on which is
mounted the cutter. This is illustrated in Fig. 36. An electric motor is situated on top of the
carriage framework and gives motion to the cutter, which runs at 22 revolutions per minute : this
same motor, through a system of gearing, also propels the carriage along the den in such a manner
that the forward motion of the cutter into the superphosphate is sufficiently slow to reduce it to a
powder, owing to the fincness of the cut. The rate of travel is approximately 1} inches per minute.
On reaching the cnd of its travel the carriage is automatically stopped, and the return is effected at
a high speed.

The cutter is composed of a series of knives fixed to the carriage in the form of a cross (see FFig. 37).
The extreme edges of the knives, in the form of paws, are slightly bent in the direction of rotation
of the cutter. Immediately behind the cutter a stationary wrought-iron disc is fixed to the carriage,
which prevents the superphosphate, during the process of cutting, from falling on to the carriage,
motor, and gearing, and also prevents the escape of acid vapours from the den itself.

Immediately below the den, and central with the longitudinal opening, there is situated a tray
conveyor. As the superphosphate is shaved off the block by the action of the cutter, it falls through
the opening in the bottom of the den on to the tray conveyor and thence to a superphosphate elevator.

When two dens are placed side by side, as shown in Fig. 35, one excavator carriage serves the
two. It is then arranged with an under-carriage which moves on a track at right angles to the
axes of the dens. With this arrangement, one den is being charged whilst the mass is being cut out
of the other.

i v EHIR
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Fic. 35.—WENK MECHANICAL DEN
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A “Wenk ” den 3 metres in diunetcr and 6 metres long has a capacity of approximately
40 tons, 1t takes two hours, twenty minutes to cut out the mass, and the power required to operate
the cutter and carriage is approximately 10 b.h.p.

The “ Milch”’ den operates in a reverse manner to the ““ Wenk.”

In this apparatus the excavator is stationary, and the den, which is a steel cylinder constructed
like a boiler shell and mounted on wheels, travels forward on to the excavator.

Fic. 30 APPARANITUS FOR MECHANICAL DISCHARGL O WENK DEN

Fig. 38 shows a ““ Milch ”” den at the commencement of its forward movement.

The travel is controlled by two heavy screws attached to the cylinder, one on either side.
The driving gear is on the extreme right, and is so arranged that the den travels forward at a slow
speed and travels back at an accelerated rate.

Along the bottom of the den there is a serics of hinged doors, which are opened when the
charge is ready to be cut out. As the cvlinder works out to the cutter, the superphosphate is
shaved off and falls through the opeming in the bottom of the cyvlinder on to a conveyor, which
removes it to the store.
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When the whole of the charge of superphosphate is cut out, the machinery is reversed, and the
cylinder returned to the mixing chamber  The end door is dropped into position and clamped, and
the bottom doors are sealed, when the den is ready for the nest charge.

. These dens are usually built to hold from 30 to 60 tons of superphosphate. Very little power
is required to operate them, and one man only is necessary to attend to the running of the machinery.

The ** Sturtevant’’ den is illustrated in Fig. 39 and consists of a large box-like structure. The
bottom and one end wall are fixed, and constructed of concrete or brickwork. The two side walls
and the top, which are made of timber,
are mounted on a steel chassis which
runs on rails at cither side. The ex-
cavator is also mounted on the chassis,
and travels with the den.

The movable end wall (ncarest the
excavator) is hoisted up clear of the
den, when the excavating operation
commences : it is raised or lowered by
a winch and is counterbalanced. The
sides of the den are hinged to the
chassis at the top and held against the
concrete base by a series of clamps
and wedges. The weight of the massive
block of superphosphate is not carried
on any portion of the movable structure,
thus reducing to a minimum the power
required for traversing.

The back of the den is formed of
reinforced concrete and built up to
within 12 inches of the top of the mov-
able chassis, which allows the gas
evolved during mixing to be withdrawn
by a fan into a specially constructed
fume duct, and pass thence to the
condenser.

On the top of the den there is a
cast-iron angle flange, which makes a
joint with a corresponding flange on the
mixer hopper. The act of moving the
chassis into position makes a tight joint
between these flanges.

The motor for driving the excavator
is fixed on top of the movable chassis,
and the whole traverses backwards and
forwards by a system of racks and
worm gears. The racks and worm gears
are placed on each side of the frame-
. s . ) i work, and driven by a common trans-
Fig. 37.—CUTTER USED IN THE WENK DEN verse shaft which gives an even move-

ment to the carriage.

The excavator consists of six vertical scoops carrying knives mounted on spiders, which are
keyed on to a vertical shaft.

The method of operation is as follows :

Charging.—As illustrated in Fig. 39, the movable carriage is traversed until the end wall A
presses against the concrete block B. Coincident with this, chute C on top of the den is sealed
against the one marked D on the fixed hopper E. The swinging sides of the den I are next pressed
into position against the sides of the concrete block B by a simple arrangement of wedges: the
movable end wall G is also lowered into position and securely held by its system of wedges. ‘Lhe
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den is thus sealed and ready to receive its charge from the mixer. The time of charging varies
from three-quarters of an hour to two hours, according to the capacity of the den.

Setting.—The time for setting and making the arrangements for emptying is approximately
fifteen minutes,

Excavating.—To excavate the block of superphosphate, the movable end wall G is raised out of
the way, and the sides F allowed to swing clear of the material. The mechanical excavator H is
then started up, and at the same time the movable carriage commences to traverse the excavator
against the superphosphate. As the mechanical excavator advances, the parts of the den mounted
on the same carriage recede from the block of superphosphate; thus the material is continually
exposed to the cutting action of the excavator knives. These cutters cut the material away to
within 1 inch of the concrete block forming the back of the den, and deliver it over the side into
the conveyor.

The thin shavings cut from the block of superphosphate are further disintegrated in falling into
the conveyor—-there is an absence of rubbing or pressure, thereby giving an exceptionally fine
product.

Fig. 40 shows a complete Sturtevant superphosphate plant with the den in position for
charging.

The Sturtevant excavator revolves at a speed of approximately 11 revolutions per minute,

Fic. 38.—MILCH MECHANICAL DEN

which gives the cutting knives a speed of 600 feet per minute. This high cutting speed generates
an air current which passes across the face of the block of superphosphate during the process of
cutting. This air current helps to aerate the superphosphate and drive off some of the moisture.

It is possible to obtain three charges from a 30-ton den in eight hours.
The time-table at one works is given as follows :

Mixing 50 batches—12 cwt. each . . . 1hr. 10 min.
Interval before cutting out . . . . 15 ,,
Time to cut out . . . . . . 37
Time to return den . . . . . . 5 ,,
Time to close up ready for mixing . . . 23
2 hr. 30 min.

The power required to operate is 7 b.h.p. for the excavator and 3 b.h.p. for traversing the
chassis.

Figs. 41 and 42 are photographs of superphosphate produced by mechanical dens of the batch
type. The former shows the porosity, and the latter the granular product as it comes from the
excavator—95 per cent passes a 6-mesh screen.



MECHANICAL DENS AND EXCAVATORS—BATCH TYPEL

STURTEVANT PATENT
MECHANICAL DEN AND EXCAVATOR.
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Fic. 39.—STURTEVANT MECHANICAL DEN
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American Practice.—The developments in the fertiliser industry in the United States of America
have generally been along lines somewhat different from those followed in the European field. The

largest works confine themselves solely to the manufacture of superphosphate, and many of them
are designed on a very large scale.

In Europe a fertiliser factory is considered large if it produces 60,000 tons of superphosphate
per annum. In America there are works producing 300,000 tons and over in the same time. The
Davison Chemical Company at Baltimore has a plant capable of producing 1500 tons of super:
phosphate per twenty-four hours.

Fi6. 40.—STURTEVANT SUPERPHOSPHATE PLANT

‘ Mcc}mnical dens, such as have been described, have'not so far been adopted to any great extent
in America, although European progress is keenly watched, and European methods are now being
adopted in many instances ‘at the smaller works.

The Svenska and Sturtevant mechanical dens are to be found in factories scattered throughout

the country, but the crane-type excavator, exclusively used in the United States of America,
undoubtedly holds the field at present.

Where this system is at work, the dens consist of large square chambers, built of concrete,
standing approximately 40 feet high. They are usually about 15 to 20 feet square, and open at the

top. Each holds approximately 150 to 250 tons. There may be two, four, or six in a line at the
end of the superphosphate store, as shown in Fig. 33. -
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The store building is generallv from 75 to 100 feet span, and approximately 500 feet long.
An overhead crane traverses the whole length of the building, and acts as the excavator. Where
there are two dens, one movable platform 15 mounted on top (see e 33) and travels oves the two

Fic. 41.—SUPERPHOSPHATE PRODUCED BY MECHANICAL DENS

dens, making its own scal with cither of them. When there arc four dens in a line, there are two
movable platforms, cach serving two dens.

On these movable platforms (sec Fig. 33), previously referred to, are mounted two mixers of
the vertical type, two acid-measuring tanks, and two phosphate weighers.  Three men are usually

Fic. 42.—SUPERPHOSPHATE AS DUMPED ON THE PILL
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employed to operate the mixing apparatus, and 1t takes approximately six hours to charge a den
holding 250 tons.  The superphosphate is generally allowed to remain in the den over-night. The

excavation is accomplished by means of the overhead electric crane, which is fitted with a grab, or
‘“ orange-peel ” bucket. The bucket is lowered into the den, picks up its load, and takes it direct
to the storage heap. These buckets lift as much as 3 tons at a time, and will excavate 250 tons
in approximately five hours, dependent upon how far the crane has to travel with its load.

Iig. 43 shows an “orange-peel ” bucket emerging from a circular den with its load of
superphosphate.

1

-

©
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Fic. 44, —STATIONARY DEN WITH TI'HEW SHOVEL EXCAVATOR
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One den is being charged while the adjacent den is being excavated.

Superphosphate produced in this way is not in such good physical condition as that produced
by fine-cutting mechanical dens. However, the system has proved its suitability where large outputs
are aimed at, and it is doubtful whether it will ever be superseded.

“ Thew ' Shovel Excavators.—Another method of excavation employed in the United States of

America 1s illustrated in Fig. 44. The den is rectangular in shape, and some are built to hold
600 tons. They are constructed of concrete, and have a movable door at one end, similar to the

I, 45, THEW SHOVEL

old-fashioned hand dens Along the bottom of the den there is a scries of openings with movable
covers. These openings connect with a subway, in which is situated a tray conveyor.

The superphosphate is excavated by means of a Thew shovel, which travels into the den under
its own power and digs into the face of the block, dropping the contents on to the floor. The
superphosphate falls through the openings on to the tray conveyor, and thence to an elevator, which
raises it to a height for distribution in the store. .

Three men are generally required to operate this system. One man operates the excavating
shovel and two men push the superphosphate down through the openings. .
The wear and tear on the machine is heavy. It generally excavates at the rate of 50 to 60 tons
per hour. Fig. 45 shows the Thew excavator, which may be driven either by steam or electricity.
G
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.~ CHAPTER VII
MECHANICAL DENS AND ExcAvATORS—CONTINUOUS TYPES

HEMICAL engineers seek, wherever possible, to translate their processes into continuously
operating ones, as distinct from the intermittent type. There are obvious advantages,
not the least of which is that continuous production ensures a minimum cost, from the
point of view of capital expenditure.

But there are others, which are not less significant. Having established a set of
conditions which is calculated to promote the highest efficiency, such conditions can best be
maintained in a continuous plant, as distinct from an intermittent one.

Again, given uniformity of quality of raw materials, the standards with which one must comply,
as regards quality of the final product, can best be maintained by continuous rather than by batch
working. Moreover, power and other costs must be more favourable with continuous operation,
because one avoids abnormal horse-power absorption, due to starting torques, which are inseparable
from intermittent working.

Doubtless these and other considerations have led chemical engineers to seck to establish
continuous processes for the manufacture of calcium superphosphate.

In this country two types of continuous dens have been adopted : one is the Broadfield, the
other the Maxwell, The former results from the ingenuity and continued enterprise of American
chemical engineers, and, strange to remark, it has been adopted to a greater extent in this country
and on the Continent than in the United States. The other continuous den—the Maxwell—is the
invention of Mr. A. Wilson, the manager of J. & W. Maxwell’s works, Silloth, near Carlisle.
This process has been in operation for ten years now, but it does not appear to have gained favour
to any marked extent.

On the European continent one finds two continuous den processes, viz., the Moritz-Standaert
and the Nordengren. The Moritz-Standaert has been installed at four works. The Nordengren
has been erected as a large unit, and invokes confidence.

The Broadfield Process.—Being continuous in operation, the flow of acid and phosphate is
controlled quite differently from that used in the batch system previously described. A flow sheet
of the process is given in Fig. 46.

Acid is fed continuously to the mixer by a simple and efficient arrangement. The rate of flow
is constant, and it is only necessary to make a simple adjustment to change the setting to suit
different grades of phosphate rock.

The ground phosphate rock is also supplied continuously to the mixer, and to all practical
purposes there is no fluctuation in the rate of feed.

An important point is that the Broadfield unit improved design feeder gives a uniform rate of
feed, irrespective of condition of wear of mechanical parts.

The quantity of ground phosphate can be increased or decreased by varying the speed of
operation.

The acid and phosphate thus measured feed continuously to the mixer.

The mixer consists of a cast-iron trough, U-shaped, placed horizontally and built in sections,
so arranged that they form two compartments—one for mixing and one for kneading. The mixing
compartment is slightly deeper and forms one section.

A square shaft revolves in the trough, on which are mounted a number of specially designed
paddles clamped to the shaft and so arranged that they effect an alternate advancing and retarding
action. These paddles, being made in two halves, can be quickly changed to suit different grades
of phosphate.

The mixer is kept under a strong suction by means of a powerful fume exhaust fan, which
withdraws as much as possible of the gas and steam evolved during the violent chemical reaction
in the mixer.
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The long duration of the mixing—4 to 5 minutes—together with the powerful suction employed,
help considerably to effect a more intimate chemical reaction between the acid and phosphate and
to reduce the moisture content in the resultant superphosphate. By the time the mixture of
phosphate and acid has passed through the mixer it has become a thickened fluid and just mobile
enough to level itself when falling into the conveyor den below.

The den consists of a moving endless conveyor with two similar conveyors forming side walls.
In the early models these conveyors were formed with wood slats attached to pin type chain.

To-day steel slats are used for the floor of the den conveyor, which are more durable and
reduce maintenance charges.

These three conveyors together forin a closed compartment, and they move slowly forward and
convey the mass of superphosphate towards a set of revolving knives or cutters. These shave off
the superphosphate in a coarse or finely-divided state, according to the speed of rotation of the

revolving knives, and the superphosphate then falls to a belt conveyor which conveys the material
to the store. )

The length of time the superphosphate remains in the moving den is about 70 minutes. Owing
to improved mixing and kneading in the mixer this time is much less than in the earlier installations.

Broadfield plants are designed for a capacity of 5-6 tons, 10-12 tons, and 20-25 tons per hour,
the intermediate size of plant suiting best the average works in this country.
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Fic. 46.—FLOW SHEET OF THE BROADFIELD PROCESS

Fig. 47 shows the arrangement of a plant having a capacity of 20-25 tons per hour. This size
at some works is producing 27 and as much as 30 tons of superphosphate per hour.

To date, twenty-five Broadfield plants of varying capacities have been installed in Europe,
U.S.A., South Africa, Egypt, Australia, and New Zealand.

Stronger acid is used than with batch type dens, the usual strength being 127° Tw. The
phosphate is ground to varying finenesses from 70 to 90 per cent through 100-mesh British Standard
sieve, according to the grade and physical qualities of phosphate used and reaction required.
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The following are typical analyses of superphosphate made by the Broadfield process.

TaBLE 22
[ [ I o
safs e i Moroccc ! Morocco Kosseir
Phosphates. cisn, | Covamt aSee L e e
"w-‘——v'- T i T —_4 > ' 58
Days after mixing . . 90 90 34 3 |
Water-soluble P,0, . . 16:65 L1710 19-39 1814 [ 1760
Ca,P,0, . . . . 36-38 I 3737 4237 39-64 . 3840
Insoluble P,0, . . . 0-77 } 0-58 0-84 085 | 0-54
=Ca,P,0, . . . . 168 1-27 1-84 186 1-18
Moisture . . . . 10:57 | 992 855 965 i 941
Free acid (PP,05) . . . 1-35 [
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Fic. 47. ~ARRANGEMENT OF BROADFIELD ACIDULATING PLANT

The Maxwell Process.—A Maxwell continuous den is shown in Fig. 48, and the shape of this
den may be likened to a very much enlarged motor-car tyre in an upright position. The trough,
forming this so-called tyre, is made of cast steel, and in a 5 tons per hour den is about 19 feet in
external diameter and approximately 5 feet 6 inches cross sectional diameter. It is built up of
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F1c. 48.-MAXWELL CONTINUOUS DEN

sections having flanged joints accurately machined. The den is supported on two roller tracks
formed of rolled steel joists, which in turn rest on four rollers firmly secured to the floor. A large
gear ring is mounted on the circumference of the den on the centre line, and by this the den is
rotated. A forged steel worm engages with the large gear ring at the ground level. Further worm
reduction gear is employed between this shaft and the motor driving the den, as the total reduction
is approximately 170,000 to 1, the den only making one revolution in four hours. The power
required to drive the trough is only about 14 h.p. The den shown in the illustration Fig. 48 has
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The upper part of the container forming the den is closed by means of a concrete floor, which
supports both a stationary partition, suspended within the container, and a mechanical cutter,
which is driven through suitable reduction gear, mounted on the den top. On this floor one finds
the superphosphate mixer, the volumetric phosphate feeder and the rotary acid feed (see Fig. 49).

The annular opening at the bottom of the rotating container is closed by stationary cast-iron
sealing plates, which ensure a tight joint between the stationary and rotating parts, and also ensure
cleanliness in operation. The superphosphate discharged from the mixer fills the annular space in
the container formed between the concrete wall and the cast-iron central mandrel. This newly
made superphosphate is prevented from spreading back to the cutter by the curved partition

Fic. 49.—ROTARY ACID FEEDER

supported from the den top. The superphosphate hardens during the slow rotation of the den and

forms a ring which regularly comes in contact with the revolving cutter, and is shaved off in fine
even particles.

From the den the superphosphate falls on to a belt or steel tray conveyor, and is conveyed
to storage.

During the process of mixing and cutting out a powerful suction fan draws away the fume and
steam liberated by the chemical action, and a reasonably dry superphosphate is the result. The
moisture is approximately 12 per cent as the product falls from the den.

The container makes one revolution in 2 to 4 hours, according to the capacity of the den, and
the quality of raw phosphate used.
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a capacity of 5 tons of superphosphate per hour. The trough weighs approximately 22 tons empty
and 34 tons when full, and at one revolution in four hours gives two hours setting time. This may
be varicd according to the phosphate used. The inner circumference of the steel trough is made
open, but a seal is made with a stationary wooden covering having openings at different points for
(a) the slurry from the mixer, (b) the exit of the toxic gases, and (c) the discharge of the super-
phosphate as it is cut by the slicing device.

The den operates as follows : the slurry from the mixer is fed into the trough on the inner
circumference somewhere near bottom dead centre. Superphosphate sets rapidly, and the mass
while being carried upward holds together and does not slide back, as might be expected. At top
dead centre the solidificd superphosphate meets a revolving cutter mounted in the axis of the
trough at right-angles to the direction of rotation. The cutter shaves off the superphosphate in a
manner similar to most other types of dens and it falls into a chute and may be delivered by a
conveyor to the store. There is one feature of the Maxwell den which others do not possess, and
that is the superphosphate is delivered at a fairly high level which obviates conveyors or elevators
having to go below ground level. At a point near the cutter on the inner circumference is attached
the fume exhaust duct. A fan 1s connected to the duct and maintains a slight vacuum in the
trough. The cutter in the Maxwell den requires 5 h.p. for driving.

Mr. Sven Nordengren, of Landskrona, has developed a large continuous superphosphate process
(50 tons per hour), of which details are given in Fig. 484, With this process less power and greater
regularity of operation are claimed than with any other process. It is understood that the size of
the Landskrona unit, carrymg on the conveyor, as it does, 150 tons, is three times that of any
other unit.  For time factors (mixing, solidifying and in the chamber) see page 75.

Fig. 48a.-——~NORDENGREN CONTINUOUS
SUPERPHOSPHATE PROCESS
“ ’ ™

(50 tons per hour)
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The Moritz-Standaert System —There are now a number of these dens working in England,
having capacities varying from 7 to 20 tons per hour. The Moritz-Standaert superphosphate den
comprises a concrete cylindrical container, with a cast-iron central mandrel. The container rotates
slowly at a variable speed on supporting rollers, and is driven through a toothed worm wheel and
worm : it is kept centred by means of the supporting rollers. ‘
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¢ Fig. 50 shows sectional views of the Moritz-Standaert den, and with the above description the
preccess can be followed.

The power absorbed is comparatively small.

For a 10-tons per hour capacity den the total power is 1:7 kW.h. per ton of superphosphate
made. This includes all the equipment up to the arrival of the product on the conveying band.

Fic. 50.—SECTIONAL VIEWS OF THE MORITZ-STANDAERT DEN
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For a 20-tons per hour den, the total power is 1-0 kW.h. per ton of superphosphate made.

In all the continuous processes described the feeders for both the ground phosphate and the
acid are volumetric in design. It is probably in these devices that improvements can still be made.
Ground phosphate rock is not an easy material to control volumetrically.

In the Moritz-Standaert process one man supervises the plunt, irrespective of capacity. The
arrangement of the mechanical parts on the upper floor pernmts centralisation of the controls.
Should the motor driving the cutter accidentally ““ cut out * it is interlocked with the motor driving
the den traverse, so that it also comes to a standstill, and prevents serious trouble.

Fig. 51.--A MORITZ-STANDAERT CONTINUOUS DEN SHOWING CONVEYOR WHICH
TAKES DELIVERY OF THE SUPERPHOSPHATE FROM THE DEN.

‘The following are the analyses of superphosphate made in the Moritz-Standaert den when using
Morocco and Florida “hard rock” phosphates, the analysis being made six days after production.

' Morocco. Florida.
Per cent. Per cent.
|

Water content . . . . 10-3 ‘ 10-55
Total P,0; . . . . . 18-8 : 19-39
Soluble PO, . . . .| 183 18-84
Free phosphoric anhydride . . 3-8 591
19-33

Citrate soluble P,0, . . . — |
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T

Fig. 52.--VIEW LOOKING ON TOP OF A MORITZ-STANDAERT CONTINUOUS
DEN SHOWING MIXER AND PHOSPHATE AND ACID FEEDERS

The introduction of the continuous den was not altogether a revolutionary step in the manu-
facture of calcium superphosphate. In the opinion of many technicians it is still an open question
whether the resultant product is superior to that manufactured by the batch process, or whether
the cost of production has been reduced. That the continuous den possesses an advantage as regards
transportation of the product to the store is conceded : continuity of operation is clearly to be
preferred to intermittent discharge of the product.

The authors have had opportunitics of studymg the operation of the various continuous
processes, and noting what 1s possible with each of these methods

In the Broadfield and Moritz-Standaert systems special attention has been given to the muxer.
The time factor can be varied and 15 increased over other types.  An adequate draught is provided
on the nuxer to remove as much of the steam as possible, and so cut down the percentage of
moisture.  The fan on these dens provides a draught equivalent to approximately 1300 cubic metres
of air per hour at 110° F. for every ton of superphosphate produced in the same period.

In fact the superphosphate 1s kept as long in the mixer as possible without endangering its
discharge.

Both dens, by means of their construction, conserve the heat of reaction and complete the
process of acidulation.

From the viewpoint of cleanliness the Moritz-Standaert is a distinct advance on all the other
systems, and is indeed umque.

Figs. 51 and 52 are 1llustrations of Moritz-Standaert dens working in Great Britain.



~ CHAPTER VIII

THe OBERPHOS PROCESS

S previously mentioned, this process was operated for a time by Messrs. Fisons, Ltd. The
process is unique, in that 1t is intermittent in operation, and involves the use of an autoclave,
and hence the temperature and pressure of reaction are dissimilar to those of the normal
processes. It produces a dry gritty granular superphosphate, sensibly different in
appearance from the porous material made by other processes.

The Oberphos process is a definite departure from all others, and was evolved at the works of
Ober & Sons, Baltimore, U.S.A. :

The acid used is of the same strength as in the batch process, viz. 115° to 120° Tw., but the
temperature of the acid entering the autoclave ranges from 90° to 120° F. In this process there is
no actual mixer in which the phosphate and acid are mixed and kneaded before solidifying. Both
the phosphate and acid are weighed because the system is a batch one.
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Fic. 53.—FLOW SHEET OF OBERPHOS SYSTEM

_ If North African phosphate is used, it is ground to a fineness of 80 per cent through 100-mesh
British Standard Sieve. In the case of Morocco or Florida phosphate the fineness is greater, being

85 per cent through 100 mesh. The principle of the process is as follows and reference should be
made to the diagram, Fig. 53.

Ground phosphate rock and sulphuric acid are rapidly charged into a revolving drum termed an
autoclave. The drum is sealed off immediately after charging and direct steam is introduced to the
extent of about 30 to 50 Ib. of steam per ton of material. Gradually CO,, hydrogen fluoride and
perhaps some hydrochloric acid, are evolved, in the presence of the steam which is introduced in the
ordinary course. The pressure obviously accumulates, until a predetermined one is reached. But
before this, the evolution of the normal decomposition products will be arrested.
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The said pressure coincides with a specific temperature, which is said to be of the order of
150° C. The pressure period lasts for thirty to forty minutes, when the products of decomposition
and steam are cxhausted.  This can be effected in such a way that having regard to the sensible
heat of the superphosphate mass, the moisture content is of the order of 11 per cent, which relates
to a temperature of about 50° C. When this temperature is reached, the rotation of the autoclave
is arrested, the manhole cover removed, and the autoclave 15 again revolved, in order to discharge
its contents. Superphosphate is deposited into a hopper, from which it 1s conveyed to the store by

Fic. 54-—~MIXING VALVE IN OBLRPHOS SYSTEM

means of an india-rubber belt. It should be noted that the autoclave is a jacketed one, in which
steam is used, acting as an insulating medium apart from aiding the maintenance of a predetermined
temperature.

The batch charge is appronimately 8 tons in all, and the introduction of phosphate and acid
takes about 90 seconds. The speed of the autoclave is 5 revs. per min. It consists of a welded
steel shell lined with lead which is autogenously welded to the steel shell.

. g 20 mixing valve at the feed end of the autoclave is an ingenious device, and is shown in
Nig. 54
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The acid enters the valve tangentially at an extremely high velocity and the ground phosphate
is introduced through the centre. In this manner an extremely efficient pre-mixing of the acid
and rock is obtained before entry to the vessel.

By means of recording instruments, it is possible to compare the way in which each kind of
phosphate affects conditions inside the autoclave.

The greatest pressure is created by the lower-grade phosphates, because there is a greater
quantity of CO, evolved. Care has to be taken that too much frothing does not block the vacuum
line when the blow-off valve is released.

The complete cycle takes approximately 90 minutes and at the end of this time the super-
phosphate is i the form of hard round lumps containing approximately 11 per cent moisture. In
texture it is quite different from the superphosphate made by other processes, although as far as

Fic. 55.—GENERAL VIEW OF OBERPHOS PLANT

it is yet known, the chemical composition is almost similar. Owing to its texture, it can be ground
almost to any degree of fincness ; the machine used for the purpose is described and illustrated on
page 124,

The vacuum and condensing systems need only bricf mention. The condenser is of the direct
contact barometric type, and is equipped with the usual baffle plates over which the condensing
water cascades. The vacuum pump is a reciprocating double-acting piston pump. The quantity
of water used in the condenser is relatively large for the purpose of protecting the vacuum pump
and is in the region of 300-500 gallons per minute. A gencral view of the plant is shown in Fig. 55.
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Needless to point out, the Oberphos process involves the use of expensive plant, the autoclave alone

weighs over 40 tons, and the control valves are made of acid-resisting steel. It is sold under licence

and the patentees are paid a royalty on every ton of superphosphate made. It is exclusively used

in this country by Messrs. Fisons, Ltd., and their associated company, National Fertilisers, Ltd.
Table 23 gives typical analyses of Oberphos superphosphate.

Microphotograph, Tig. 56, shows a nodule of superphosphate arising from a Sturtevant den.
It reveals the irregular porous structure which one would associate with the irregular evolution of
carbon dioxide and steam. On the other hand, microphotograph, Fig. 57, of a nodule of Oberphos
superphosphate, shows a more regular structure. This is to be expected, having regard to the
specific features of the Oberphos process. The material in the autoclave is no longer plastic (if,
indeed, this condition is ever attained), when carbon dioxide and steam are evolved. The evolution
of the latter gases is effected under conditions different from the ordinary den superphosphate
process.

Fic. 56.—MICROPHOTOGRAPH OF A Fig. 57—~MICROPHOTOGRAPH OF A
NODULE OF SUPERPHOSPHATE NODULE OF SUPERPHOSPHATE
FROM A STURTEVANT DEN MADE BY THE OBERPHOS PROCESS

'

In point of fact, it is known that only about 20 per cent of the fluorides are decomposed, and
this is to be expected, in view of the fact that while there is forced acid penetration through the
rock phosphate, in the initial stages of the autoclavic process, there cannot exist the best conditions
for the evolution of the gases, by reason of the pressure obtaining. Is not calcium silicofluoride
formed within the mass of superphosphate made by this process, by virtue of the conditions
prevailing ?

Some particulars of the superphosphate factory at Avonmouth might, with advantage, be
afforded here.  Messrs. Fisons, Ltd., and Messrs. Imperial Smelting Corporation, Ltd., have
combined their fertihiser interests in the West of England in National Fertilisers, Ltd., and have
erected the aforementioned factory.

The area of the site covered by the complete plant is 12 acres : one hundred and ten contractors
were cmployed in the construction of the factory, which is designed for an annual production of
75,000 tons of calctum superphosphate.  An aerial ropeway, over two miles long, enables cargoes of
raw material to be discharged at the docks and transported to the factory at the rate of 1500 tons
per 8-hour shift. Similarly, the finished fertilisers can be loaded to ship in bulk for despatch to all
parts of the world. The phosphate store 1s 300 feet long by 114 feet span, and has a capacity of



\ %HAPTER IX

ARTIFICIAL DRYING OF SUPERPHOSPHATE

T should be remarked that the water content of superphosphate concerns, in the first place,

water of the liquid phase, a solution of phosphoric acid, monocalcium phosphate, and

sccondary constituents : secondly, water of krystdllisation of the salts. Equilibrium exists

between these different phases, a knowledge of which is essential to an exact appreciation of

how to ecstimate the water in the different states. The methods hitherto adopted for the
determination of the water content of superphosphate have been open to objection, because they
did not admit of the attainment of a sufficient mecasure of exactitude.

The estimation of the total water by drying in a drying oven at 100° C. leaves several loopholes
for error to arise, some leading to a high result because of the loss of volatile fluorine compounds,
some to a low result because certain hydrated salts do not lose their water at 100° C. Morcover,
under the action of heat, and even merely of concentration, the internal equilibrium of super-
phosphate 1s profoundly modified.

Investigations have been conducted! to determine the minimum temperature of dehydration of
the principal salts constituting superphosphate. A. Sanfourche and his associates have pointed out
the following :

1. Gypsum at a temperature of 100° C. passes into the state of semi-hydrate: this at
120 C. loses almost all its water, retamning only 0-5 per cent of it, which only disappears very
slowly.

2. Crystallised monocalcium phosphate—CaH,(PO,),. H,O—is stable at 100° C. : it becomes
anhydrous at 120° C.: at 150° C. it commences to be transformed very slowly into pyro-
phosphate—CaH,P,0,, which in its turn decomposes above 180° C.

3. Crystallised dicalcium phosphate—CaHPO,.2H,0—gradually loses its water of crystal-
lisation at 100° C. : a singular fact, it loses at 120-150° C. more slowly than at 100° C.

4. Phosphates of iron and of aluminium retain at 120° C. a little more than their con-
stitutional water, if one may use this term in regard to bodies which, in superphosphate, are
not generally in the form of definite compounds. As, however, their proportion is small, the
error to which this might lead is absolutely negligible.

5. The organic matter always present in superphosphate is not decomposed around 120° C.,
any more than are the fluorosilicates in surroundings in which the acidity has been neutralised.

For many years superphosphate manufacturers appeared to be averse from drying super-
phosphate, because they suspected, rightly or wrongly, that reversion would occur. Sorel and
Schucht have advanced many theorics about reversion, but these have possessed an element of
obscurity, and it has hardly been possible to disentangle a single leading idea from such com-
mentaries. This particularly applies to what has been asserted by Sorel.

On the subject of reversion, it is necessary firstly to discriminate between the reduction—the
lowering of the content of water-soluble phosphate—and the reversion—the lowering of the content
of assimilable phosphate. By the latter is meant phosphate soluble in water and in citrate.
Reversion is much less frequent than reduction, the gravity of which is only appreciated in countries
where sales are based upon the content of water-soluble P,Oj;.

1 A. Sanfourche: Bull. de la Soc. Chim. de France, p. 66 (translation).
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The presence of material quantities of sesquioxide in the phosphate rock is admittedly one of
the principal causes of reversion. It is also known that pure superphosphates undergo a reduction
of their water-soluble P,O;, in consequence of the progressive hydrolysis of monocalcium phosphate,
when they do not contain sufficient excess of free acid.

The possibility of a reaction between monocalcium and tricalcium phosphates cannot entirely
be ruled out.

Wherever the necessary and sufficient conditions for the formation of a complex salt are found
together in superphosphate, reversion will be observed as a consequence. Further, it has been
pointed out by Sanfourche and his associates that tempcrature may exert a considerable influence
upon the rhythm of evolution of a complex : this evolution reaches its limit the more rapidly
higher temperatures are attained.

A few words should be said about the mechanism of drying solids.! In the initial stages of the
drying of a very wet solid under constant drying conditions the surface is completely wetted with
water, and the drying process is similar to the evaporation of water from a free liquid surface.
As long as the surface of a solid to be dried is wholly wet the rate of evaporation is not a function
of the water content of the solid, and, under constant drying conditions, the rate of drying continues
constant. This stage is termed the constant rate period. However, at some definite water content
the rate of drying begins to decrease and the range from there to dryness is called the falling rate
period. .

The water content of the solid at the end of the constant rate period, and the beginning of the
falling rate period, is termed the critical water content. When dried for a long time the water
content of the solid approaches an ultimate value which depends on the humidity of the air, and is
termed the equilibrium water content. For further information concerning the constant rate period,
heat conduction through dry surfaces and radiation from surroundings, it is suggested that the
Chemical Engineer’s Handbook? should be consulted.

Other factors to be considered are air velocity, and the effect of humidity. In connection with
the falling rate period, this, in general, is divisible into two secondary periods, or zones, which from
the mechanisms of drying prevailing in each may be called the zone of unsaturated surface drying,
and the zone where internal liquid diffusion controls.

On the subject of air velocity it can be said that since the rate of drymg during the constant
rate period is controlled by the rate at which vapour can diffuse through the surface-air film, factors
which affect the thickness of that film influence the rate of drying in this period. Perhaps the most
important of such factors is the velocity of the air past the surface : the air velocity has a smaller
influence on the rate of drying than 1t has on the surface coefficient of heat flow from solid to gas
in air heaters and in similar equipment. Probably the best data concerning the relationship
between the rate of drying and air velocity are those of Hinchley and Himus.?

With increasing appreciation of the causes of reduction and reversion, and in view of the
availability of plant which admits of thermostatic control, there has been considerable development,
within recent years, in the drying of calcium superphosphate, and many plants are operating in this
country. This tendency has doubtless been stimulated by the fact that dried superphosphate
emanating from abroad has found a ready market, because of the better drillability of such product.
The Dutch Superphosphate Company dries the output of its works at Pernis, and the content of
moisture of their superphosphate ranges from 2 to 4 per cent. By drying it is possible to convert
30 per cent water soluble superphosphate into one containing 35 per cent CagP,O4. It should be
noted that artificial drying, under controlled thermostatic conditions, admits of reaction between
the free acid and the unattacked tribasic phosphate of lime, by which soluble P,O; 1s produced.
Incidentally, the free acid and insoluble phosphate are reduced with a correspondingly higher
recovery efficiency.

1 Lewis, Ind. Eng. Chem., 13, 427, 1921; Sherwood, ibid., 21, 12, 1929; 21, 976, 1929; 22, 132, 1930; and 24, 307, 1932,
* McGraw, Hill Book Co., Inc., New York and London, 193+,
3 Trans. Inst. Chem. Eng. (British), 2, 57, 1924,
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The following table indicates the recovery obtained, additional to that due to the evaporation
of moisture.

TABLE 24
i
Test No. Moisture in Superphosphate. i Soluble P,O Temperature in °F.
Exhaust Super-
Inlet. Qutlet. Loss. Inlet. OQutlet. Increase. gases at phosphate
dryer as dis-
outlet. charged.
l’cr- cent, Per cent. Per cent. Per cent. Per cent. Per cent.

1 155 9-08 6-42 13-68 14-76 1-08 142° F. 158° F.
2 155 6-80 8:70 13-56 15-01 1-45 152° F. 169° F.
3 15-8 56 10-8 13-85 156 1-75 178° I\, 185° F.
4* 16:0 69 9-1 1395 15-75 1-8 190° I-. 205° F.
5% 15-5 4-8 10:62 13-85 15-85 2:0 190° F. 205° F.
(% 154 39 11:5 13-85 159 205 192° I, 212° F.

* In these three tests the theoretical increases in POy content due to evaporation of water are 1:45 per cent, 1-65
per cent and 1:85 per cent respectively.

This indicates that further reaction between the free acid and the insoluble tribasic phosphate
of lime had taken place within the dryer.

The illustration Fig. 58 shows a modern drying plant having a capacity of approximately
6 tons per hour of dried superphosphate. The feeding is undertaken by hand, as superphosphate
is difficult material to feed automatically from a pile. In the case of a continuous den this difficulty
is eliminated, as the dryer can be designed to dry the superphosphate at the same rate as the den
discharges, without any man-handling whatever.

In the plant shown on Fig. 58, and drying at the rate of 6 tons per hour, recciving super-
phosphate containing 15 per cent moisture and delivering it with a moisture content of 5 per cent,
the pre-war cost of drying represented :

s. d.
Coal at 46s. per ton . . . . 1.9
Labour . . . . . . 2 6
Power . 3
Maintenance . . . . . 1 ©

Total . 6 O per ton dricd.

It is usual in these drying plants to provide some form of thermostatic control. The simplest
type consists of two clectric lamps, one red and the other green. These lamps are interconnected
with the thermostat, and when the temperature rises above a certain point the red lamp lights up,
when the operator admits more secondary air; when the temperature falls below a certain point
the green lamp lights up, which indicates to the operator that the furnace requires attention.

Oil firing is more expensive than coal or coke burning, but it lends itself to more accurate
control and continuity of operation as there is no clinkering or cleaning of fires.

The exhaust gases from the dryer contain from 0-3 to 0-6 per cent sulphur trioxide and tend
to corrode quickly the ducting and cyclones, if made of thin sheet steel. It is a good plan to make
all this work in asbestos acid-resisting material, which reduces the maintenance charges considerably,
or the ducts should be lined with acid-resisting bricks jointed by special mastics, in which sodium
silicate may form a part. It seems likely that the process of artificially drying calcium super-
phosphate may gradually fall into disuse, as the tendency in future years is likely to be in the
direction of the granulation of superphosphate as a culminating unit operation in the production of
an improved product, which may be demanded by the farmer very shortly.



\VCHAPTER X

MEeTHODS FOR DEALING WITH Toxic GASES

HEN consideration was given to the chemistry of calcium superphosphate manufacture,
it became evident that in the decomposition of mineral phosphates containing
fluorides and other halogen bodies, such as chlorides and iodides, noxious gases
would be evolved.

The toxic gases generated in the mixer and den during the manufacture of
calcium superphosphate consist of carbon dioxide, hydrofluoric acid, hydrochloric acid, sulphur
dioxide, and volatile organic compounds.

When calcium fluoride is present in a mineral phosphate, on treatment with sulphuric acid it
undergoes the following reaction : :

CaF,+H,S0,+2H,0=CaS0,.2H,0+2HF.

As most rock phosphates contain earthy matter there is invariably sufficient silica present to
admit of the attack by hydrofluoric acid, which is released, as is indicated above. Thus, a further
reaction proceeds, which may be represented as follows :

Si0, +4HF =SiF,2H,0.

As, however, silicon tetrafluoride undergoes decomposition in the presence of water an additional

reaction takes place, thus:
3SiF,+4-4H,0=2H,SiF;+ Si(OH),.

The action of hydrofluoric acid is not alone confined to silica, but complex silicates are attacked,
and not less so the brickwork of the den.

As the mass undergoes reaction in the den it increases in temperature, steam is evolved, and
as silicon tetrafluoride is also released, it is not unusual to find accumulations of the sponge-
resembling silicic acid in the flues and connections, which have resulted from chemical reactions
such as those just represented.

It must not be assumed that all the fluoride is completely decomposed. Chemists who have
had occasion to investigate the extent to which decomposition of fluorides proceeds have found that
the amounts released, and which remain unattacked, vary somewhat. This is doubtless due to the
nature of the fluoride and the dissimilarity of the conditions obtaining.

It has been necessary in Great Britain for many years now to condense efficiently the noxious
gases discharged during the manufacture of calcium superphosphate. Indeed, chemical manure
works have been under the surveillance of the inspectors under the Alkali Works, etc., Regulations
Act since 1881.

For many years the results of the alkali inspectors’ periodical inspections have been incorporated
in the Annual Report of the Chief Inspector. These records and observations are not only useful
and interesting, but they constitute a criterion by which the progress of the industry in certain
respects can be judged.

Without attempting to draw any progressive picture, a few random quotations will be made,
and results will be indicated, in order to show not only the neglect which in the past occasionally
occurred at some of the fertiliser works, but also to demonstrate how helpful these reports can be.

Mr. F. Napier Sutton, F.I.C., District Alkali Inspector, remarked in the report for the year
1909, p. 117 : '

“No important change in plant or form of condensers has to be reported, with the
exception of the installation at one of the largest works of a mechanical excavator for removing
the superphosphate from the den. This particularly trying work was formerly done by hand
labour, and it was accompanied by much discomfort from the presence of the hot and slightly
acid vapours disengaged, and, moreover, there was danger from the falling mass of material,
and accidents gccasionally occurred. By hand labour it took a gang of five men eight to nine
hours to clear a den of 60 tons; .now a den of 80 tons of superphosphate is removed and
delivered to a store by machinery under the control of one man in five hours.
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‘“ All mixing and condensing appliances have been maintained in effective condition, and
the table on page 116 shows the acidity of the washed gases as discharged into the chimney
or air from the washtowers, together with the percentage of condensation effected.”

Again, in the year 1914, on p. 14, the Chief Inspector remarked :

“The extent of operations in this class of works was fully maintained during 1914,
although there was a reduction of four in the total number of works registered as compared
with 1913. This is the fifth year in succession that the number of works registered has suffered
decrease, whilst throughout this period the importation of the chief raw material used—mineral
phosphates—has uniformly increased.

“The use of mechanical means for dealing with the freshly prepared superphosphate was
further extended. The numerous designs of plant for effecting this step in the process of
manufacture offer a variety of choice to those interested, and should aid in the still further
extension of this desirable advance in methods of production.

“The general condition of this class of works was maintained in a satisfactory state,
numerous improvements and renewals being effected in the means provided for preventing
escape of noxious gases into the air. The general average escape was equivalent to 0-112 grain
of sulphuric anhydride per cubic foot—a satisfactory figure, although shghtly higher than
0-105 grain, the corresponding figure for 1913.”

TaBLE 25

Average Amounts of Acid Escaping and Condensed

Total acidity in terms of the l } Total aadity in terms of the
Register SO, equivalent of Stheo- Register ’ SO, cquivalent of Silico-
number of fluoric acid, H,SiFq; Per number of fluoric acid, H,SiFg; ‘ Per
work and grains per cub, ft. cent. wotk and | grains per cub. ft. cent.
number of con- number of | ‘ con-
exit densed. exit densed.
tested. Leaving Leaving tested. Leaving Leaving 1
mixer ' con- i mixer con-
and den. denser. 7 and den. denser. i
2124 6-17 023 96-2 2198 240 0-05 ‘ 979
2129 10-90 0-10 99-0 2199 (@) | 496 006 | 988
2130 174 ‘ 0-05 97-1 2200 9-00 0-06 {993
2152 (a) 8-10 0-15 98-1 2209 4-66 0-05 98-9
2190 («) 525 0-08 98-4 [ 2263 26-18 0-09 99-
2190 (a) 9-37 0-08 99-1 i |
Average, 1909 . . . .| 807 | 009 989
| J—
Average, 1908 . . . . 9:94 1 0-11 | 98-8
| |

Further, in 1921 the Chief Inspector made some very pertinent remarks concerning condensing
plants in their relation to the newer types of mixing plants, as well as concerning the position and
speed of the draughting fan, which he regarded as a point of design still needing further consideration.

“ Chemical Manure Works—The average *acidity of the gases escaping from scrubbing
towers was considerably lower than that for 1920, which itself was lower than that for 1919.
During the ten years—1910 to 1919—the average acidity of these gases was fairly constant ;
for that period it amounted to 0-118 grain per cubic foot, in terms of the SO, equivalent of
H,SiF,, to which figure it had come down gradually from 0-2 in 1903. The gases evolved in
the mixing process are by no means pleasant, and they are of a peculiarly corrosive character.
Although the average figures could not be considered to be bad, it was nevertheless felt that
further improvements might, and should be effected.
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“ A comparison of the results obtained in the various districts and in the individual works
indicated an undue difference in some instances between maximum and minimum efficiency,
and this pointed the direction in which action for improvement might best be taken. Absolute
uniformity is difficult of attainment, especially where such considerable differences exist in the
size and nature of the works as in this trade ; but much has been done already, and only one
district shows this year an average exit acidity over 0-08 ; this district has had, however, only
two superphosphate works operating, at one of which a badly designed scrubbing plant, recently
erected, came in for severe criticism. This plant has now been entirely remodelled.

“In one district the activities of the inspector have resulted in the rebuilding of scrubbers,
with a consequent reduction of over 50 per cent in the acidity of the escaping gases.

“ With increasing introduction of the newer types of mixing plants, it is, however, more
than cver necessary that manufacturers should take into consideration not only the acidity of
escaping gases, but also the relation between the acidity of the gas evolved from the mixing
plant and that of the gas actually escaping. Quantitative estimations indicate a removal of
fully 97-5 per cent by the condensation methods employed. This is good, but there is still
room for investigation with a view to further improvement. Condensing flues play an important
part in removing a good deal of the noxious compounds, the amount of work to be done by
the scrubbers being thus reduced.

“Mr. H. J. Bailey has carried out, at my request, a number of experiments at two works,
with a view to ascertaining the efficiency of preliminary flues ; willing assistance was rendered
by the managers and laboratory staffs of these works. The results obtained point to the fact
that, with suitable flues, providing sufficient cooling of the gases, sufficient time contact, and
suitable humidity, good preliminary work can be done.

‘““ As to the nature and design of the scrubbing plant for chemical manure works gases,
I may quote from Mr. Sutton’s district report, in which he describes a very efficient arrange-
ment, as consisting of three, four, or five unpacked tower chambers (according to the capacity
of the mixing plant), each fitted with high-pressure water-sprays, these towers to be followed
by two towers packed fairly closely with boards on edge, the direction of the boards in one
layer being at right angles to that of the boards in the next layer. The two final towers are
also supphed with water. The provision of the terminal packed towers 15 a point of con-
siderable importance. The position and speed of the draughting fan are points which do not
always receive sufficient consideration in the designing and operation of the plants.”

Mr. W. A. Damon, B.Sc., Chief Alkali Inspector, speaking on Mr. Walter Packard’s paper early
in 1937, said he was interested especially in one aspect of superphosphate manufacture, namely, in
dealing with the corrosive gases which were evolved. He thought it would be interesting to see
what progress had resulted in the rccovery of these gases. He therefore made an examination of
the reports during the last forty-five years, and was pleased to find that there had been progressive
improvement. The figures of acidity for the ten-year periods were as follows :

Up to 1890 . . . . 046 grain per cubic foot
1900 . . . . . 037,
1910 . . . . . . 023,
1920 . . . . . . 012 ., .
1930 . . . . . . 007 ., ,, .
1930-1935 . . . . . 004

The fact emerges that with any given rock phosphate, and with unaltered conditions, the
proportion of fluorine evolved as SiF, is definitely a function of the concentration of the acid used.
The higher the percentage of H,SO, in the acid, the greater the evolution of silicon tetrafluoride.
With the relatively dilute acid used for the decomposition of rock phosphate for the manufacture
of phosphoric acid there is no evolution of silicon tetrafluoride whatever. That silicon te.traﬂuonde
is first formed appears clear: but that the water present is so considerable that it is at once
converted to hydrofluosilicic acid is equally clear. In the ordinary den process the silicon tetra-
fluoride is swept away from the reaction zone by the rush of carbon dioxide. Given time, as in the
Oberphos process, it will react and form eventually calcium fluosilicate.
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In 1936 the Chuef Alkali Inspector’s report emphasised the need for a ““ delay period.”  TFor

this reason a connecting flue of some length, or otherwise a large void chamber, suitably constructed,
should be provided.

The reason for the *“ delay period  is not far to seck, when one has regard to the time required
for the decomposition of the silicon tetrafluoride.  Early wetting and cooling of the gases, succeeded
by an “adequate delay period,” to admit of decomposition of the sihcon tetrafluoride being
completed, is essential  Fhtherto it does not appear to have been generally 1ccognised that the
decomposition of S1IF, (silicon tetrafluoride) to silica and hydrofluosilicic acid by the action of water
requires some time  ‘his object may be attained by the erection of scrubbing towers at a distance
from the dissolving plant, and by conveying the gas in a long flue. Where this is not possible,
previously wetted gas must pursue a tortuous course through a chamber, to admit of time for the
reaction to take place. Most of the silica is deposited in the *“ delay chamber,” from which 1t can
be removed.

The “dry and wet method ” of treating gases
will be the subject of detailed treatment later. At
this juncture it is desirable to give some data
relating to the trecatment of the gases from the
mixer and den in connection with intermittently
operated superphosphate plant. The Chief Alkali
Inspector, Mr. W. A. Damon, 13.Sc., has had a
wide experience of various plants in this connec-
tion, and has been keen to reduce the escapes to
negligible acidities. The system which he strongly
advocates for a plant of a capacity of 30 tons of
superphosphate per hour is indicated succinctly
below.

(1) The gas should be drawn from the mixer
and den through a wooden or concrete duct to a
tower, i which 1t 1s thoroughly cooled and wetted
by means of high-pressure water sprays. The
capacity of tower, or towers, should be of the
order of 700 cubic feet.

(2) The cooled and moist gas should then pass
to a “ delay chamber” This should consist of a
tower provided with horizontally placed baffles, so
as to cause the gas to pursue a tortuous path, in
a cross-section of 8 feet square for a total travel

Fie. 50 ACID FUME FAN of some 100 feet. Silica settles out on the baffles,
and trays should be provided, to allow of its easy
removal.

(3) The gas should then be washed in a series of void towers provided with water sprays.
A total capacity of 1500 cubic feet may be allowed with advantage. ’

(4) The fan 1s placed at the end, so as to deal with clean gas, and to keep the whole system
under a slight suction If possible, the discharge should be into a high and hot chimney.

In many works 1t 1~ necessary to provide a simple scrubbing tower for dealing with fumes from
the den during the catting-out process.  The fumes consist mainly of stecam, with very little acid.

Practice teveals that the fan is best disposed after the condensing tower. Thus the gases are
under suction throughout their travel of the whole condensing and scrubbing plant.

The fan (see Fig 59) is built of wood, coated with a suitable preservative to counteract the

action of the acid fumes. It is usual to 1un it at a comparatively low speed, of approximately
400 revolutions per nunute.,

The dry and wet method of treating the gases is shown in Fig. 60. In this arrangement the
fan is placed between the dry and wet chambers, the gases are drawn through the dry chamber,

and immediately they enter they expand, owing to the increased area, and their velocity is
considerably reduced.
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This causes the solid matter, held in suspension, to separate and fall on the floor. This dry
chamber is built with a series of partitioned walls, so that the gases are travelling down and up
several times before they reach the fan. These partitions act as baffles, and assist the separation
of the solid matter. Doors are provided in each partitioned portion for the removal of the depusited
silicious dust.
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Fig® 60.—TOXIC GAS CONDENSING CHAMBERS

The fan discharges the partially cleaned gases into a second or wet chamber. On top of this
chamber is mounted a serics of water-sprays. This chamber is also divided into partitions, and
each scction 1s divided horizontally by trays of splay boards. Here again the gases travel down
and up several times, and during their progress are thoroughly washed by the spray showers which
they have to encounter in their passage.

The remaining solids in the gases, when they enter the second chamber, are precipitated by
the action of the water, and the gases, frce from obnoxious matter, are either exhausted into the
atmosphere or, if convenient, into the works chimney.

The advantage of the dry chamber is that it separates most of the solid matter and relieves the
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condensing chamber of considerable work. Less water is required in consequence, and sometimes
this is a great consideration. Twenty-five gallons of water per minute are usually sufficient.

Fig. 61 shows that system when a wet chamber only is used. This is usually built of brickwork
with a glazed facing inside. The gases are drawn through the chamber, so as to protect the fan
from the solid matter. In this arrangement greater resistance is created, and the fan must be
larger and more power is absorbed in overcoming the additional resistance.

In the United States of America the condensing chambers are, in many instances, const{upted
of wooden cylinders, made in sections with spigot joints and screwed iron rods clamping the joints.
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Fic. 62.-~CONDENSING TOWERS USED IN U.S.A.

They are usually 3 feet inside diameter, and vary in height. A fan is placed at the end of the
towers and the gascs pass upwards and downwards through the towers. In their progress the gases
are thoroughly washed with atomised water. The sprays are disposed in the towers at different
levels. These towers stand on a concrete base, as shown in Fig. 62.

The Kestner system of washing the toxic gases is shown in Fig. 63. It consists of a series of
rotary atomisers. These impart centrifugal force to fine strcams of water, which are delivered in
front of the atomising mechanisms. The gas chamber shown in Fig. 63 has six of these atomisers
distributed along the length, three on each side.
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The water is pumped up by means of a centrifugal pump, and issues in front of each atomiser
in a fine stream through a small nozzle. The atomisers run at a speed of 1000 revolutions per
minute, and distribute the water along the chamber in a very fine spray. They ar¢ made of
material which is practically impervious to the action of the hydrofluosilicic acid.

Fig. 64 shows the atomising mechanism, which consists of a heavy casting supporting a
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Fig. 63.—KESTNER TOXIC GAS CONDENSER

horizontal shaft, on one end of which is fixed the atomiser, and on the other a small pulley for
driving same. The apparatus is supported on the side walls of the chamber, and very little power
is required for driving.

The suction fan also has one of these atomisers fixed on the end of the shaft within the fan
rotor, and a fine stream of water impinges on this as well. The gas is therefore thoroughly washed
from the time it enters the toxic chamber until it is withdrawn by the fan. The fine spray as it
falls in the chamber is collected in a sump, shown in Fig. 63. The water can be pumped out
and used over and over again, until it is sufficiently saturated to be withdrawn, and chemically
treated for the recovery of sodium silicofluoride.

When operating with a continuous den the practice previously indicated for the batch process
is inapplicable and it has now been established that the gases should be scrubbed for at least
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8 seconds, and the velocity through the scrubbers should not exceed 10 linear feet per second.
The amount of water required for spraying should not be less than 150 gallons per ton of super-
phosphate produced per hour. As an example, take a continuous den producing 10 tons per hour

of superphosphate.
The volume of gas to be dealt with is:

1300 M3 x 10 = 13,000 M3 per hour,
equivalent to 7600 cub. ft. per minute,
or 127 ,, ,, second.
127

10

Therefore, the dimensions of the towers should be 4 ft. x 3 ft. 3 ins, and the length
10 ft. x 8 sec. = 80 ft.

Thus, one would make provision for the construction of five towers of 16 ft. height, or four
towers of 20 ft. height, according to local circumstances and wishes.

== 12-7 sq. ft. area of scrubbing towers.

The Production of Saleable Sodium Silicofluoride

The gases—silicon tetrafluoride, steam, and hydrochloric acid, etc.—from the superphosphate
den and mixer are withdrawn, as has been described, and led to a condenser A, which is provided
with a series of water atomisers.

According to tests which the authors have made, it is
found that when 99-5 per cent recovery of the acid gases
is being effected with a normal supply of water (not cir-
culated), the acidity of the water reaches about 4 per cent,
expressed in terms of H,Sil.

Wherever it is proposed to recover the hydrofluosilicic
acid as sodium silicofluoride, it is obvious that the water
should be maintained in circulation through a given con-
denser, in order that a suitable concentration should be
reached.

Fio. 64.—KESTNER ATOMISER This is effected in the scheme illustrated in IFig. 65 by

circulating the acid solution from tank B, through the
condenser A, to tank C, until a specific gravity of 1-082 (i.e. 10° Bé.) is reached.

The next step is to introduce the solution of the specific gravity named to a settling tank,
where the solid matter, largely silicic acid (H,Si0,), is allowed to separate, and can subsequently
be removed.  Meanwhile, the clear liquid, consisting of hydrofluosilicic acid, etc., is transferred to
a precipitating tank L.

From tank I¥ is run a brine solution, having a specific gravity of 1-18 (22° Bé.), representing
about 234 per cent NaCl, to the clear acid liquor in a precipitating tank, until the whole of the
hydrofluosilicic acid has been converted to sodium silicofluoride, as determined by a laboratory test.

| At one works it has been found that the proportions have been one of brine to threc of acid
solution.

It will be appreciated that if the acid solution contains any appreciable quantity of sulphurous
acid, due to the absorption of SO, in the water circulated, sodium chloride will be consumed to no
useful purpose.  This 1s a consideration which needs to be taken into account when forming an 1dea
of the desirability of recovering fluorine from mineral phosphates as sodium silicofluoride. Equally
the question of the fluoride content of the rock phosphate, and the extent to which this is recoverable
as sodium silicofluoride, should be considered.

It is conceivable that a good deal of the original fluorine may escape, due either to volatilisation
or to imperfect hydrolysis, or to other causes. These factors should be investigated at the super-

phosphate works before deciding upon the installation of a plant for the recovery of the fluorine as
sodium silicofluoride.

Following the precipitation of the hydrofluosilicic acid as sodium silicofluoride, which latter
takes the form of a snow-like salt, the weak liquor, consisting largely of dilute hydrochloric acid, is
run off, and the precipitated salt is centrifuged in the centrifugal G. It is important that the salt
chould be thoroughly washed, in order to remove the whole of the free acid.
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The formation of sodium silicofluoride from hydrofluosilicic acid may be represented as follows :
H,SiFg+2NaCl=Na,SiFg+2HCI.

After the precipitated salt has been washed it is next placed in suitable trays, and these are
put into a suitable drying cupboard H, which is stecam-heated.

Following the drying operation, the salt is ground in a small batch grinder J, lined with
porcelain, and having flint pebbles. It is ground to a fine powder, and is then ready for sale.

From a plant with which the authors are acquainted, producing 1000 tons of *“ super "’ per
week, approximately 2 tons of sodium silicofluoride were recovered per week, representing about
4-51b. per ton of ‘“ super.”

The above figures relate to a works using North African mineral phosphates, which are low
in silica.

In America, Florida and other phosphates are very high in silica, and this accounts for the
higher recovery figure of 8:5 1b. per ton of *“ super.”

Indeed, it is due to the better recovery that one finds more of these plants operating in America
than in Europe.

Taking the CaF, content of a mineral phosphate at 2-55 per cent—a low figure—and taking
a mixing of 10 cwt. of ground phosphate rock and 9:25 cwt. of acid of 114° Tw. at 100’ ., and
assuming the yield of “super” to be 17} cwt. from such a mixing, the following data are
arrived at :

(a) Seventy-cight parts of CalF, (calcium fluoride)=62-66 parts of sodium silicofluoride
(Na,Sil).

(b) In 10 cwt. of phosphate rock, having 2:55 per cent CaF,, there are 28-56 Ib. of CaF,,
representing about 23 1b. of Na,Sil,.

() Hence the quantity of Na,Sili from 1 ton of “super’” will be—17-25 : 20 :: 23 : x==23-65 1b.
of sodium sili<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>